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(54) Method and device for recording and reading a radiation image using solid state radiation 
detectors 

(57) With a detector 10 with which a first electrode 
layer 11, a photoconductive layer for recording, 12, F I G 

exhibiting conductivity when irradiated with recording 
light L1 , a charge transporting layer 1 3 acting roughly as 
a conductor for transported charges opposite in polarity 
to the latent image charges, a photoconductive layer for 
reading, 14, exhibiting conductivity when irradiated with 

reading light L2, and an electrode layer 15 having a 

stripe electrode are stacked together, a sub-electrode 

17, a number of elements 17a of which are each located 

just above an element 16a, being disposed so that they 

are opposed to each other, is provided in the vicinity of 

a charge storing section 19 in the photoconductive layer 

for recording, 12. In recording, a specified control volt- 
age is applied to the sub-electrode 17 from a power 

supply 73. In reading, the current flowing out from each 

element 17a of the sub-electrode 17 is detected. 
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Description 

BACKGROUND OF THE INVENTION 



Field of the Invention 

[0001] The present invention relates to a radiation 
solid-state detector having a charge storing section 
which stores charges of a quantity corresponding to the 
dose of the projected radiation as latent image charges, 
and a method and device for using the detector to 
record radiation image information as a static latent 
image or read out the recorded static latent image. 
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Description of the Prior Art 

[0002] To reduce the dose of exposure of the sub- 
ject and improve the performance of diagnosis in medi- 
cal radiation photographing, etc., a method (for 
example, U.S. Patent No. 4535468, etc.) has been 
known up to now which uses, as a photosensitive mate- 
rial, a radiation solid-state detector (a static recorder) 
with a photoconductor, such as a selenium plate, 
responding to radiation, such as X-ray; projects the X- 
ray onto the detector, and stores the charges of the 
quantity corresponding to the dose of the projected radi- 
ation in the charge storing section in the detector for 
recording of radiation image information as a static 
latent image; and uses a laser beam or a line light 
source to scan the detector in which the radiation image 
information has been recorded, for reading out the radi- 
ation image information from the detector. 
[0003] The method according to the above-men- 
tioned U.S. Patent No. 4535468 uses a three-layer 
structure detector which has an X-ray photoconductive 
layer, a charge storing layer (also called an intermediate 
layer or a trap layer) for storing of charges generated in 
the X-ray photoconductive layer, and a photoconductive 
layer for reading in this order, and in recording, applies 
a high voltage across the electrodes provided on both 
sides of the three layer structure, and projects X-ray to 
store latent image charges in the charge storing layer, 
and then short-circuits the electrodes to read out the 
latent image charges. With this method, the photocon- 
ductive layer for reading in the detector is thinner than 
the X-ray photoconductive layer in order to increase the 
reading speed for improving the response. 
[0004] However, with the method according to the 
above-mentioned U.S. Patent No. 4535468, the photo- 
conductive layer for reading is thinner than the X-ray 
photoconductive layer, therefore, a problem results that 
the quantity of the signal charges detected from the out- 
side is small. Further, the charge mobility is low for both 
electron and hole, and so, the charge storing layer can- 
not be thin. This is because increasing the charge 
mobility decreases the response speed, resulting in a 
residual image being produced. In other words, with this 
method, it is difficult to make the high speed response in 



reading compatible with efficient taking out of signal 
charge. 

[0005] On the other hand, in Japanese Patent 
Application No. 10 (1998)-232824 and Japanese Patent 
5 Application No. 10 (1998)-271374, the present appli- 
cant has proposed a radiation solid-state detector which 
allows the high speed response in reading to be com- 
patible with the efficient signal charge taking out, a 
recording device for recording of radiation image infor- 
10 mation in this detector, and a method and device for 
reading out the radiation image information from the 
detector in which the radiation image information has 
been recorded as a static latent image. 
[0006] This method, as stated in Japanese Patent 
75 Application No. 10 (1998)-232824, etc. uses a radiation 
solid-state detector provided with a photoconductive 
layer for recording which exhibits conductivity when irra- 
diated with the radiation for recording or the light emit- 
ted by excitation on this radiation, a charge transporting 
20 layer which acts almost as an insulator for the latent 
image charges, while acting roughly as a conductor for 
transported charges having a polarity opposite to that of 
the latent image charges, and a photoconductive layer 
for reading which exhibits conductivity when irradiated 
25 with the electromagnetic wave for reading in this order. 
Radiation for recording is projected onto the photocon- 
ductive layer for recording in the detector, and by storing 
the charges of the quantity corresponding to the dose of 
the projected radiation in the charge storing section 
30 formed roughly at the boundary between the photocon- 
ductive layer for recording and the charge transporting 
layer, radiation image information is recorded as a static 
latent image. By reading out the static latent image, the 
radiation image information is provided. 
35 [0007] The radiation solid-state detector according 
to the present invention is a radiation solid-state detec- 
tor which further improves the detector, etc. as stated in 
the above-mentioned Japanese Patent Application No. 
10 (1998)-232824, and Japanese Patent Application 
40 No. 10 (1998)-271374, i.e., a radiation solid-state detec- 
tor which has a charge storing section for storing 
charges in a quantity corresponding to the dose of radi- 
ation which has been projected, and records radiation 
image information as a static latent image in the charge 
45 storing section, 

wherein a first electrode layer having a permea- 
bility to radiation for recording or light emitted by excita- 
tion on the radiation, a photoconductive layer for 
recording which exhibits a conductivity when irradiated 
so with the radiation for recording or the light, a photocon- 
ductive layer for reading which exhibits a conductivity 
when irradiated with an electromagnetic wave for read- 
ing, and a second electrode layer having a permeability 
to the electromagnetic wave for reading are provided in 
55 this order, 

and a first conductive member for outputting an 
electric signal corresponding to the quantity of the 
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latent image charges stored in the charge storing 
section formed between the photoconductive layer 
for recording and the photoconductive layer for 
reading is provided in the second electrode layer or 
between the first electrode layer and the second 5 
electrode layer. 

[0008] The first conductive member may have any 
shape, but, it is preferable that the shape has no effect 
on the process of latent image forming (transferring and 10 
storing of the latent image charges) in recording, or the 
process of charge-recoupling of the latent image 
charges with charges opposite in polarity to the latent 
image charges, i.e., the transported charges. For exam- 
ple, when the first conductive member is provided in the is 
photoconductive layer for recording or on the face of the 
photoconductive layer for recording which is for the pho- 
toconductive layer for reading, the shape is preferably 
that which will not hinder the latent image charges gen- 
erated in the photoconductive layer for recording being 20 
transferred to the charge storing section. When the first 
conductive member is provided in the photoconductive 
layer for reading or in the later-described charge trans- 
porting layer or trap layer, the shape is preferably that 
which will not hinder the transported charges generated 25 
in the photoconductive layer for reading being trans- 
ferred to the charge storing section. For this, it is recom- 
mended to take such a measure as providing holes 
having a desired shape, such as a circle and a square, 
in correspondence with the pixels, or providing an elon- 30 
gated rectangular hole extending along the direction of 
the pixel arrangement. 

[0009] When this first conductive member is dis- 
posed in the photoconductive layer for recording, it is 
preferably permeable to the radiation for recording or 35 
the light emitted by excitation at the time of radiation, so 
that the radiation or the like can sufficiently get into the 
photoconductive layer for recording, and thus the 
charge generation process in the photoconductive layer 
is not affected. 40 
[0010] To enhance the response in reading, the 
smaller the sum of the thickness of the layer forming the 
charge storing section and that of the photoconductive 
layer for reading for a given thickness of the photocon- 
ductive layer for recording, the better. 45 
[0011] The electrode constituting the second elec- 
trode layer and/or the first conductive member of the 
radiation solid-state detector are preferably a stripe 
electrode comprising a number of linear electrodes. 
[0012] The term "linear electrode" means an elec- so 
trode having a long and slender shape as a whole, and 
so long as it has a long and slender shape, it may of any 
shape, such as columnar or prismatic, but it is prefera- 
ble that the linear electrode be particularly a flat plate 
electrode. To prevent the latent image forming process ss 
and the charge-recoupling process from being affected 
as stated above, such a measure as providing the linear 
electrode with holes having a desired shape, such as a 
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circle and a square, in correspondence with the pixels, 
or with an elongated rectangular hole extending along 
the direction may be taken. 

[0013] Here, when the electrode constituting the 
second electrode layer and the first conductive member 
are a stripe electrode, it is preferable that the linear elec- 
trodes of the first conductive member be disposed so 
that they are opposed to or almost orthogonally inter- 
sect the linear electrodes of the electrode constituting 
the second electrode layer. 

[0014] The phrase "are disposed so that they are 
opposed to" means that each linear electrode of the first 
conductive member is located roughly just above the lin- 
ear electrode of the electrode constituting the second 
electrode layer with a specified spacing, and disposed 
so that they are opposed to each other in the longitudi- 
nal direction. The phrase "are disposed so that they 
almost orthogonally intersect" means that the linear 
electrodes of the first conductive member almost 
orthogonally pass over the linear electrodes of the elec- 
trode constituting the second electrode layer. 
[001 5] In this case, when the first conductive mem- 
ber is further disposed in the photoconductive layer for 
recording, the photoconductive layer for reading, or the 
charge transporting layer, it is recommended that the 
width of the linear electrode of the first conductive mem- 
ber be 5 to 30% of the pitch for the linear electrodes of 
the second photoconductive layer to prevent the latent 
image forming process in recording and the charge- 
recoupling process from being affected. 
[0016] When the first conductive member and the 
electrode constituting the second electrode layer are lin- 
ear electrodes, the linear electrodes of the first conduc- 
tive member being disposed in the second electrode 
layer, it is preferable that each linear electrode of the 
first conductive member be disposed between linear 
electrodes of the second electrode layer so that they are 
in parallel with one another, and be not permeable to the 
electromagnetic wave for reading to prevent the electro- 
magnetic wave from getting into the photoconductive 
layer for reading and deteriorating the reading resolu- 
tion. 

[0017] Further, with the radiation solid-state detec- 
tor according to the present invention, it is preferable 
that a second conductive member for causing the latent 
image charges to have the same potential be discretely 
provided in the charge storing section for each pixel for 
an image represented by the electric signal. Particularly, 
it is recommended that the second conductive member 
be provided on the face (boundary) of the photoconduc- 
tive layer for recording which is for the photoconductive 
layer for reading. 

[001 8] Here, the phrase "be provided for each pixel" 
means that preferably one conductive member is pro- 
vided for each pixel so that the charges around the pixel 
can be concentrated on the pixel central portion in read- 
ing by causing the latent image charges to have the 
same potential, and does not involve the style in which 
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a number of conductive members are disposed at ran- 
dom for one pixel, so that when reading the charges 
around the pixel cannot be concentrated on the pixel 
central portion. 

[0019] The word "discretely" means that the s 
respective conductive members are disposed in a state 
isolated from one another, i.e., in the floating state in 
which they are not connected to one another. When a 
plurality of conductive members are provided for one 
pixel, it is preferable that the members for one pixel be 10 
electrically connected to one another. 
[0020] The size of this second conductive member 
is preferably set at a value approximately equal to the 
pixel pitch. Or, it may be set at a value smaller than the 
pixel pitch, say, less than half, and the second conduc- is 
tive member may be disposed in the pixel central por- 
tion to concentrate the latent image charges on the pixel 
central portion. The size of this second conductive 
member refers to the diameter for a circular conductive 
member, and the length of each side for a square con- 20 
ductive member. The shape of the conductive member 
may be any shape, such as a circle and a square. 
[0021] When a detector with which the electrode 
constituting the second electrode layer and the first con- 
ductive member are a stripe electrode, and the linear 25 
electrodes constituting both electrodes are disposed so 
that they orthogonally intersect each other is used, the 
electric field is concentrated on the location where both 
linear electrodes cross. It is therefore preferable that, by 
disposing the second conductive member in corre- 30 
spondence with the location where both linear elec- 
trodes cross, the charge concentration efficiency be 
increased. In recording, the second conductive mem- 
bers may be left open. 

[0022] The radiation solid-state detector according 35 
to the present invention may have a charge transporting 
layer, which acts roughly as an insulator for the latent 
image charges, and roughly as a conductor for charges 
opposite in polarity to the latent image charges between 
the photoconductive layer for recording and the photo- 40 
conductive layer for reading, and the charge transport- 
ing layer may form the charge storing section. 
Alternatively, the radiation solid-state detector may have 
a trap layer for catching the latent image charges 
between the photoconductive layer for recording and as 
the photoconductive layer for reading, the trap layer 
forming the charge storing section. 
[0023] When the radiation solid-state detector is to 
have a charge transporting layer or a trap layer, the f irst 
conductive member may be provided at the boundary so 
between the photoconductive layer for reading and the 
trap layer or at the boundary between the photoconduc- 
tive layer for reading and the charge transporting layer, 
or in the charge transporting layer or in the trap layer. 
Further, the second conductive member may be pro- ss 
vided at the boundary between the photoconductive 
layer for reading and the charge transporting layer, or at 
the boundary between the photoconductive layer for 



reading and the trap layer. 

[0024] The radiation image recording method 
according to the present invention is a radiation image 
recording method which projects radiation onto the 
above-stated radiation solid-state detector to store the 
charges of the quantity corresponding to the dose of the 
projected radiation in the charge storing section of the 
radiation solid-state detector as latent image charges 
for recording of radiation image information as a static 
latent image in the charge storing section, 

wherein a control voltage to adjust the electric 
field formed between both electrode layers by a DC volt- 
age applied across the first electrode layer and the sec- 
ond electrode layer in the radiation solid-state detector 
is applied to the first conductive member. 
[0025] The phrase "projects radiation onto the radi- 
ation solid-state detector" means that the radiation for 
recording which carries radiation image information 
about the subject is directly or indirectly projected onto 
the detector, and is not limited to the radiation for 
recording being directly projected onto the detector, 
meaning that, by projecting the radiation onto a scintilla- 
tor (a fluorescent body), for example, the light, such as 
fluorescence, emitted by excitation on the radiation for 
recording is projected onto the detector. 
[0026] The term "control voltage" means a voltage 
of a magnitude with which the first conductive member 
can have a specified effect on the latent image charge 
storing process in recording, and it can be set at a volt- 
age of a magnitude which provides roughly the same 
electric field as that which would be formed if the first 
conductive member were not provided. 
[0027] Further, by positively bringing the control 
voltage close to or away from the potential at the second 
conductive layer, the region in which latent image 
charges are formed can be provided with a change. As 
a result, the signal taking-out efficiency and the reading 
response speed can be improved. 
[0028] The control voltage may be either a DC volt- 
age or an AC one. The AC voltage is not limited to the 
sinusoidal wave, and may be of any waveform, provided 
that it can improve the signal taking-out efficiency and 
the reading response speed. 

[0029] The radiation image reading method is a 
radiation image reading method which, from the above- 
stated radiation solid-state detector in which radiation 
image information has been recorded as a static latent 
image, reads out the radiation image information, 
wherein the charges corresponding to the latent image 
charges stored in the charge storing section of the radi- 
ation solid-state detector are read out through the first 
conductive member to provide an electric signal at a 
level corresponding to the quantity of the latent image 
charges. 

[0030] The phrase "the charges are read out 
through the first conductive member" means that the 
charges are read out at least through the first conduc- 
tive member, and in addition to the current flowing 
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between this first conductive member and the electrode 
of the second electrode layer, the current flowing 
between the electrode of the first electrode layer and the 
electrode of the second electrode layer may also be 
detected. s 
[0031] The electromagnetic wave for reading may 
be a continuous wave generated continually or a pulse 
wave generated in the form of a pulse, but, the pulse 
wave permits a higher current to be detected, allowing a 
pixel having a small quantity of latent image charges to 10 
be detected as a sufficiently high current, which means, 
it can substantially improve the S/N ratio, which is 
advantageous. 

[0032] However, when the pulse wave is used with 
a detector with which the electrode constituting the sec- is 
ond electrode layer and the first conductive member are 
a stripe electrode, and the linear electrodes constituting 
both electrodes are disposed so that they orthogonally 
intersect each other, the electric field is concentrated at 
the location where both linear electrodes cross, and the 20 
latent image charges are also concentrated at this loca- 
tion. It is therefor preferable that the electromagnetic 
wave for reading be projected onto the location in the 
photoconductive layer for reading which corresponds to 
this crossing location. When a detector with which a 25 
second conductive member is provided is used, the 
latent image charges are stored, being concentrated on 
the second conductive member, and it is therefore pref- 
erable that the electromagnetic wave for reading be pro- 
jected at least onto the location in the photoconductive 30 
layer for reading which corresponds to the location 
where this second conductive member is provided. In 
this reading, the second conductive member may be left 
open. 

[0033] The radiation image recording device 35 
according to the present invention is a radiation image 
recording device which realizes the above-stated radia- 
tion image recording method, comprising: 

voltage application means which applies a DC volt- 40 
age across the first electrode layer and the second 
electrode layer in the radiation solid-state detector, 
and 

control voltage application means for applying, to 
the first conductive member, a control voltage to 45 
adjust the electric field formed between both elec- 
trode layers by a DC voltage applied by the voltage 
application means. 

[0034] The radiation image recording device sc 
according to the present invention is a radiation image 
recording device which realizes the above-stated radia- 
tion image recording method, comprising image signal 
acquisition means which, by reading out the charges 
corresponding to the latent image charges stored in the st 
charge storing section of the radiation solid-state detec- 
tor through the first conductive member, provides an 
electric signal at a level corresponding to the quantity of 



the latent image charges. 

[0035] When a detector with which the electrode of 
the second electrode layer and the electrode of the first 
conductive member are a stripe electrode, and the lin- 
ear electrodes of the first conductive member are dis- 
posed so that they almost orthogonally intersect the 
linear electrodes of the second electrode layer is used, 
it is preferable that, by carrying out switchover so that 
only- the linear electrode corresponding to the scanning 
position in scanning with the reading light is connected 
to the first electrode layer and the linear electrodes of 
the second electrode layer, the distributed capacitance 
which does not contribute to the signal reading be 
reduced. 

[0036] The basic detector to which the present 
invention is to be applied may be any detector, provided 
that it is a detector with which electrodes are stacked so 
that they sandwich the photoconductive layer for record- 
ing and the photoconductive layer for reading, and it is 
preferable that the present invention be applied, partic- 
ularly, to a detector (a static recorder) which has been 
proposed by the present applicant in the above-men- 
tioned Japanese Patent Application No. 10 (1998)- 
232824, and Japanese Patent Application No. 10 
(1998)-271374. 

[0037] With the radiation solid-state detector 
according to the present invention, the f irst conductive 
member for outputting an electric signal at a level corre- 
sponding to the quantity of the latent image charges is 
provided between the second electrode layer and the 
first electrode layer, and therefore another capacitor can 
be formed between the charge storing section which is 
formed between the photoconductive layer for recording 
and the photoconductive layer for reading, and the first 
conductive member. The transported charges having a 
polarity opposite to that of the latent image charges 
stored in the charge storing section by recording can 
also be provided for the first conductive member by 
charge-recoupling in reading. The quantity of the trans- 
ported charges distributed to the capacitor formed 
between the electrode of the second electrode layer and 
the charge storing section, through the photoconductive 
layer for reading, can be reduced to below that when 
this first conductive member is not provided. The quan- 
tity of the signal charges which can be taken out from 
the detector to the outside can be increased to improve 
the reading efficiency. 

[0038] With the radiation image information reading 
method and device according to the present invention, 
the signal charges representing radiation image infor- 
mation are read out from the detector according to the 
present invention in which the radiation image informa- 
tion has been recorded, through the first conductive 
member, for providing an image signal at a level corre- 
sponding to the quantity of the latent image charges 
stored in the charge storing section. Therefore, more 
charges can be read out from the detector, which allows 
the reading efficiency to be increased, a larger signal to 
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be obtained, and the S/N ratio for an image to be 
improved. 

[0039] Providing the first conductive member will 
have practically no great effect on the thickness of the 
photoconductive layer for recording or the photoconduc- 
tive layer for reading, which means that the response in 
reading will not be adversely affected, and as stated in 
Japanese Patent Application No. 10 (1998)-232824 and 
Japanese Patent Application No. 10 (1998)-271374, for 
example, by decreasing the sum of the thickness of the 
charge transporting layer and that of the photoconduc- 
tive layer for reading to below the thickness of the pho- 
toconductive layer for recording, the response in 
reading can be enhanced. In other words, according to 
the present invention, the high speed response in read- 
ing can be maintained, while the reading efficiency can 
be increased to a level still higher than that obtained 
when a conventional detector is used. 
[0040] Further, with the radiation image information 
reading method and device according to the present 
invention, a control voltage to adjust the electric field 
formed between the first electrode layer and the second 
electrode layer is applied to the first conductive mem- 
ber, which allows the signal taking-out efficiency and the 
reading response speed to be improved. 
[0041] If the detector is that with which the second 
conductive member for causing the latent image 
charges to have the same potential is provided dis- 
cretely in the charge storing section for each pixel for an 
image represented by the electrical signal, all the latent 
image charges for each pixel stored on the second con- 
ductive member can be caused to have the same poten- 
tial, which allows the reading efficiency to be increased 
to a level higher than that obtained when the second 
conductive member is not provided. This is because the 
latent image charges are held at the same potential in 
the range of the second conductive member, therefore, 
the latent image charges around the pixel, which are 
generally difficult to read out, can be moved to the cen- 
tral portion of the second conductive member, i.e.. the 
pixel central portion, as the reading progresses, so long 
as they are in the range of the second conductive mem- 
ber, which means that the latent image charges can be 
sufficiently discharged. 

[0042] In addition, the pixel can be formed at the 
fixed location where the second conductive member is 
disposed, which allows the structure noise to be com- 
pensated for. 

[0043] Further, if the size of the second conductive 
member is set at a value smaller than the pixel pitch, 
and disposed in the central portion of the pixel, the 
shape of the electric field formed in reading can be such 
that the electric field is attracted toward the second con- 
ductive member, therefore, the latent image charges 
can be stored, being concentrated on the pixel central 
portion, which means the sharpeness of the image can 
be improved. 

[0044] If the second conductive member is pro- 



vided, the latent image charges can be stored with no 
charge transporting layer or trap layer, which means, 
device formation can be performed more easily. 
[0045] When the detector having a charge trans- 
5 porting layer or trap layer is provided with the second 
conductive member, the charge storing effect of such a 
layer can also be utilized. In other words, if the size of 
the second conductive member is set at a value smaller 
than the pixel pitch, and such a layer is not provided, a 
10 problem arises that the charges which have not been 
caught by the second conductive member cannot be 
stored as latent images, resulting in the quantity of the 
stored charges being decreased, although they contrib- 
ute to the improvement in sharpness. Contrarily, when 
is such a layer is provided, the charges are caused to be 
stored as latent image charges, so that the sharpeness 
can be improved without the quantity of the stored 
charges being reduced. 



20 SUMMARY OF THE INVENTION 

[0046] As with a detector, and a recording device 
and reading device as proposed in the above-men- 
tioned Japanese Patent Application No. 10 (1998)- 
25 232824, etc. by the present applicant, the present 
invention is intended to provide compatibility between 
the high speed response in reading and the efficient sig- 
nal charge taking out, and to offer a radiation solid-state 
detector which makes it possible to provide still higher 
30 performance than that of the device as stated in Japa- 
nese Patent Application No. 10 (1998)-232824, a 
method and device for recording of radiation image 
information in this detector, and a method and device for 
reading out the radiation image information from the 
35 detector in which the radiation image information has 
been recorded. 

BRIEF DESCRIPTION OF THE DRAWINGS 
40 [0047] 

FIG. 1A is a perspective side view of a radiation 
solid-state detector according to a first embodiment 
of the present invention; FIG. 1 B is an X-Z sectional 
45 drawing at the portion shown by arrow-Q; and FIG. 

1 C is an X-Y sectional drawing at the portion shown 
by arrow-P, 

FIG. 2A to FIG. 2D are schematic drawings giving 
examples of shapes of the element of a sub-elec- 
so trode and illustrating the arrangement relationship 
among the element of the sub-electrode, the micro- 
plates, and the element of the stripe electrode, 
FIG. 3A and FIG. 3B are schematic configuration 
diagrams for a record-reading device using the 
55 above-stated radiation solid state detector, 

FIG. 4A to FIG. 4C are drawings illustrating the 
method for recording a static latent image in the 
above-stated radiation solid-state detector, 
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FIG. 5A to FIG. 5C are drawings illustrating the 
method for reading out a static latent image 
recorded in the above-stated radiation solid-state 
detector, 

FIG. 6 is an equivalent circuit diagram in which the 5 
discharge current flowing in the detector in reading 
is expressed as a current source. 
FIG. 7A to FIG. 7D are drawings illustrating the 
effect of the microplate; FIG. 7 A and FIG. 7B being 
for a case where no microplate is provided, and io 
FIG. 7C and FIG. 7D being for a case where a 
microplate is provided, 

FIG. 8A to FIG. 8G are diagrams illustrating the 
static latent image record-reading method using the 
above-stated radiation solid-state detector by is 
means of a capacitor model, 
FIG. 9A and FIG. 9B are diagrams illustrating the 
quantity of the charges for a signal outputted from 
the radiation solid-state detector by means of a 
capacitor model; FIG. 9A being for a case where no 20 
sub-electrode is provided, and FIG. 9B being for a 
case where a sub-electrode is provided, 
FIG. 10A is a perspective side view of a radiation 
solid-state detector according to a second embodi- 
ment of the present invention; FIG. 10B is an X-Z 25 
sectional drawing at the portion shown by arrow-Q; 
and FIG. 10C is an X-Y sectional drawing at the 
portion shown by arrow-P, 

FIG. 11 A is a perspective side view of a radiation 
solid-state detector according to a third embodi- so 
ment of the present invention; FIG. 1 1B is an X-2 
sectional drawing at the portion shownd by arrow- 
Q; and FIG. 11C is an X-Y sectional drawing at the 
portion shown by arrow-P, 

FIG. 12A is a perspective side view of a radiation 35 
solid-state detector according to a fourth embodi- 
ment of the present invention; FIG. 12B is an X-Z 
sectional drawing at the portion shown by arrow-Q; 
and FIG. 12C is an X-Y sectional drawing at the 
portion shown by arrow-P, 40 
FIG. 13A is a perspective side view of a radiation 
solid-state detector according to a fifth embodiment 
of the present invention; FIG. 13B is an X-Z sec- 
tional drawing at the portion shown by arrow-Q; and 
FIG. 13C is an X-Y sectional drawing at the portion 45 
shown by arrow-P, 

FIG. 14A is a perspective side view of a radiation 
solid-state detector according to a sixth embodi- 
ment of the present invention; FIG. 14B is an X-Z 
sectional drawing at the portion shown by arrow-Q; 50 
and FIG. 14C is an X-Y sectional drawing at the 
portion shown by arrow-P, 

FIG. 15A to FIG. 15C are drawings illustrating the 
method for recording a static latent image in the 
radiation solid-state detector of the sixth embodi- 55 
ment, 

FIG. 16A to FIG. 16C are drawings illustrating the 
method for reading out a static latent image 



recorded in the radiation solid-state detector of the 
sixth embodiment, 

FIG. 17A is a perspective side view of a radiation 
solid-state detector according to a seventh embodi- 
ment of the present invention; FIG. 17B is an X-Z 
sectional drawing at the portion shown by arrow-Q; 
and FIG. 1 7C is an X-Y sectional drawing at the 
portion shown by arrow-P, 

FIG. 18A is a perspective side view of a radiation 
solid-state detector according to an eighth embodi- 
ment of the present invention; FIG. 18B is an X-Z 
sectional drawing at the portion shown by arrow-Q; 
and FIG. 18C is an X-Y sectional drawing at the 
portion shown by arrow-P, 

FIG. 1 9A is an electric charge model illustrating the 
static latent image recording process, and FIG. 19B 
is an electric charge model illustrating the static 
latent image reading process, in the case where the 
radiation solid-state detector of the eighth embodi- 
ment is used, 

FIG. 20A is a perspective side view of a radiation 
solid-state detector according to a ninth embodi- 
ment of the present invention; FIG. 20 B is an X-Z 
sectional drawing at the portion shown by arrow-Q; 
and FIG. 20C is an X-Y sectional drawing at the 
portion shown by arrow-P, 

FIG. 21 A is a perspective side view of a radiation 
solid-state detector according to a tenth embodi- 
ment of the present invention; FIG. 21 B is an X-Z 
sectional drawing at the portion shown by arrow-Q; 
and FIG. 21 C is an X-Y sectional drawing at the 
portion shown by arrow-P, 

FIG. 22A is a perspective side view of a radiation 
solid-state detector according to an eleventh 
embodiment of the present invention; FIG. 22 B is 
an X-Z sectional drawing at the portion shown by 
arrow-Q; and FIG. 22C is an X-Y sectional drawing 
at the portion shown by arrow-P, 
FIG. 23A is a perspective side view of a radiation 
solid-state detector according to a twelfth embodi- 
ment of the present invention; FIG. 23B is an X-Z 
sectional drawing at the portion shown by arrow-Q; 
and FIG. 23C is an X-Y sectional drawing at the 
portion shown by arrow-P, 

FIG. 24A is a perspective side view of a radiation 
solid-state detector according to a thirteenth 
embodiment of the present invention; FIG. 24B is 
an X-Z sectional drawing at the portion shown by 
arrow-Q; and FIG. 24C is an X-Y sectional drawing 
at the portion shown by the arrow-P, 
FIG. 25A is an electric charge model illustrating the 
static latent image recording process, and FIG. 25B 
is an electric charge model illustrating the static 
latent image reading process, in the case where the 
radiation solid-state detector of the thirteenth 
embodiment is used, 

FIG. 26A is a perspective side view of a radiation 
solid-state detector according to a fourteenth 
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embodiment of the present invention; FIG. 26B is bonate, polystyrene, or PUK), and semiconductor sub- 

an X-Z sectional drawing at the portion shown by stances, such as a-Se doped with C1 at 10 to 200 ppm, 

arrow-Q; and FIG. 26C is an X-Y sectional drawing are suitable, because the greater the difference 

at the portion shown by arrow-P, between the mobility of the negative charge, for exam- 

FIG. 27A is an electric charge model illustrating the s pie, stored in the electrode layer 1 1 , and that of the pos- 

static latent image recording process, and FIG. 27B Rive charge, which is opposite in polarity to it, (for 

is an electric charge model illustrating the static example, 10 2 or over, preferably 10 3 or over), the better, 

latent image reading process, in the case where the Particularly, organic compounds (such as PVK, TPD, 

radiation solid-state detector of the fourteenth and a dyscotic liquid crystal) are preferable because 

embodiment is used. 10 they have immunity to light, and because the dielectric 

constant is generally small, the capacitance of the 

DESCRIPTION OF THE PREFERRED EMBODI- charge transporting layer 13 and that of the photocon- 

MENTS ductive layer for reading, 1 4, are decreased, resulting in 

an increased efficiency of signal taking out when read- 

[0048] Hereinbelow, embodiments of the present is ing. "Having immunity to light" means that they exhibit 

invention will be described with reference to the draw- practically no conductivity when irradiated with the 

j ngs recording light L1 or the reading light L2. 

[0049] FIG. 1A, FIG. 1B, and FIG. 1C are drawings [0052] As the substance for the photoconductive 

showing the schematic configuration of the radiation layer for reading, 14, a photoconductive substance 

solid-state detector according to a first embodiment of 20 which has, as its main constituent, at least one of the 

the present invention, FIG. 1 A being a perspective side substances, such as a-Se, Se-Te, Se-As-Te, metal-free 

view of a radiation solid-state detector, FIG. 1 B being an phthalocyanine, MgPc (Magnesium Phthaiocyanine), 

X-Z sectional drawing at the portion shown by arrow-Q; VoPc (phase II of Vanadyl Phthalocyanine), CuPc (Cup- 

and FIG. 1 C being an X-Y sectional drawing at the por- per Phthalocyanine), is suitable. 

tion shown by arrow-P. With this detector 10, the static 25 [0053] The thickness of the photoconductive layer 
recording device as shown in FIG. 12, which is stated in for recording, 12, is preferably 50 jim to 1000 |am so that 
the above-mentioned Japanese Patent Application No. it can sufficiently absorb the recording light LI. and in 
10 (1998)-232824, is further provided with a sub-elec- this example, approx. 500 jmm is specified. The sum of 
trode as a first conductive member and microplates as a the thickness of the charge transporting layer 13 and 
second conductive member, and has a first electrode 30 that of the photoconductive layer for reading, 14, ispref- 
layer 11 having a permeability to the radiation for erably half or less of the thickness of the photoconduc- 
recording, LI (such as X-ray, hereafter called the tive layer for recording, 12, and because the smaller the 
recording light), a photoconductive layer for recording, sum, the better the response in reading, it is preferably, 
12, which exhibits a conductivity when irradiated with for example, 1/10 or less, and further, 1/20 or less, 
the recording light L1 which has penetrated through this 3s [0054] As the electrode layers 1 1 and 15, a nesa 
electrode layer 11, a charge transporting layer 13 which film, for example, which is a conductive substance 
acts almost as an insulator for the latent image charges, applied to a transparent glass plate, is suitable, 
(for example, a negative charge), while acting roughly [0055] The electrode of the second electrode layer 
as a conductor for transported charges having a polarity 15 is formed as a stripe electrode 16 with which a 
opposite to that of the latent image charges, (on the ao number of elements (linear electrodes) 16a are 
above example, a positive charge), a photoconductive arranged in the form of stripes. In an area 15a between 
layer for reading, 14, which exhibits a conductivity when elements 16a, a high-polymer material, such as poly- 
irradiated with the electromagnetic wave for reading ethylene in which some quantity of carbon black or other 
(hereafter called the reading light). L2, and a second pigment is dispersed is filled, and the area 15a has a 
electrode layer 15 having a permeability to the reading 45 shading property with respect to the reading light L2. 
light L2 stacked together in this order. [0056] At the boundary between the photoconduc- 
[0050] As the substance for the photoconductive tive layer for recording, 12, and the charge transporting 
layer for recording, 12, a photoconductive substance layer 13, i.e., in the charge storing section 19, a number 
which has, as its main constituant, at least one of the of discrete square microplates 18 are disposed just 
substances, such as amorphous selenium (a-Se), lead so above the elements 16a of the stripe electrode 16, each 
oxide (II) and lead iodide (II), such as PbO and Pbl 2 , being spaced apart from the adjacent microplates 18. 
Bi 12 (Ge, Si)O 20 , and Bi 2 l 3 /organic polymer nano-com- The length of the side of each microplate 18 is specified 
posite, is suitable. to be a dimension approximately equal to the arrange- 
[0051] As the substance for the charge transporting ment pitch for the elements 16a, i.e., the smallest pixel 
layer 13, organic compounds, such as poly-n-vinyl car- 55 pitch which can be resolved. The locations where the 
bazole (PVK), N,N-diphenyi-N,N-bis (3-methyl phenyl)- microplates 1 8 are disposed provide the locations of the 
[1,1'-biphenyl]-4,4'-diamine (TPD), and dyscotic liquid pixels on the detector. 

crystal , a dispersed system of TPD in polymer (polycar- [0057] The microplates 1 8 can be produced from an 
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extremely thin film of a single metal, such as gold, silver, 
aluminum, copper, chromium, titanium, and platinum, or 
an alloy, such as indium oxide, which is deposited on the 
dielectric layer by using vacuum vapor deposition or 
chemical deposition, for example. The microplates 18 
can be deposited as a continuous layer, and the contin- 
uous layer is then etched to form a plurality of individual 
discrete microplates having a size approximately equal 
to the smallest pixel pitch which can be resolved. Such 
discrete microplates can be produced by using laser 
ablation, photoetching, or other light microfabrication 
technology. 

[0058] In the location close to the charge transport- 
ing layer 13 in the photoconductive layer for recording, 
12, a sub-electrode 17 with which a number of elements 
1 7a are arranged in the form of stripes is provided. This 
sub-electrode 17 is a conductive member for outputting 
an electric signal at a level corresponding to the quantity 
of the latent image charges stored in the charge storing 
section 19 formed roughly at the boundary between the 
photoconductive layer for recording, 12, and the charge 
transporting layer 13. Each element 17a of the sub- 
electrode 17 is located just above the element 16a of 
the stripe electrode 1 6, both being disposed so that they 
are opposed to each other. The sub-electrode 17 is 
required only to be conductive, and can be produced 
from a single metal, such as gold, silver, chromium, and 
platinum, or an alloy, such as indium oxide. 
[0059] The distance "d" between the sub-electrode 
17 and the charge transporting layer 13 varies depend- 
ing upon the thickness of the photoconductive layer for 
recording, 12, and when the thickness of the photocon- 
ductive layer for recording, 12 is approx. 500 as 
specified in this example, the distance M d" is specified to 
be 1 to 100 \x,m (1/500 to 1/5 of the thickness). 
[0060] FIG. 2A to FIG. 2D are schematic drawings 
giving examples of shapes of each element 17a of the 
sub-electrode 17 and illustrating the arrangement rela- 
tionship among the element 17a, the microplate 18, and 
the element 16a. 

[0061] The element 17a as shown in FIG. 2A is a 
long and slender flat plate electrode, having no holes 
provided. The width of the element 17a is smaller than 
that of the element 16a, being specified to be within the 
range of 5 to 30% of the pitch for the elements 1 6a. This 
allows the latent image charges generated in the photo- 
conductive layer for recording to be easily passed by the 
side of the element 1 7a when they are transferred to the 
charge storing section. 

[0062] The element 17a as shown in FIG. 2B is a 
long and slender flat plate electrode, having a number 
of round holes provided so that they are disposed at 
locations corresponding to the pixels for the longitudinal 
direction. The width of the element 1 7a is approximately 
equal to that of the element 16a. The latent image 
charges generated in the photoconductive layer for 
recording can reach the microplates 18 provided in the 
charge storing section 19 through the round holes. 



[0063] The element 17a as shown in FIG. 2C is a 
long and slender flat plate electrode, having a number 
of square holes provided so that they are disposed at 
locations corresponding to the pixels for the longitudinal 

5 direction. The width of the element 1 7a is approximately 
equal to that of the element 16a. The latent image 
charges generated in the photoconductive layer for 
recording can reach the microplates 18 provided in the 
charge storing section 19 through the square holes. 

10 [0064] The element 17a as shown in FIG. 2D is a 
long and slender flat plate electrode, having one elon- 
gated rectangular hole, the opposite ends thereof being 
connected to each other. The width of the element 17a 
is approximately equal to that of the element 16a. The 

is latent image charges generated in the photoconductive 
layer for recording can reach the microplates 18 pro- 
vided in the charge storing section 19 through the elon- 
gated rectangular hole. 

[0065] By thus making the element 17a narrower 
20 than the element 16a, or providing a hole(s) having a 
specified shape for the element 17a along its longitudi- 
nal direction, the possibility of the element 17a hinder- 
ing the transfer of the latent image charges and having 
an adverse effect on the latent image forming process 

25 can be eliminated. 

[0066] FIG. 3A and FIG. 3B are schematic configu- 
ration diagrams for a record-reading device 1 using the 
radiation solid state detector 10 in which a radiation 
image information recording device is integrated with a 

30 radiation image information reading device, FIG. 3A 
being a diagram shown with a perspective side view of 
the detector 10, and FIG. 3B being a diagram of a cur- 
rent detection circuit 70 shown in detail with an X-Z sec- 
tional view of the detector 10. 

35 [0067] This record-reading device 1 comprises the 
detector 10, the current detection circuit 70 as image 
signal acquisition means, recording light projecting 
means 90, and reading light projecting means 93. 
[0068] Above the electrode layer 11, a subject 9 is 

40 disposed, and the subject 9 has a portion 9a which has 
permeability to the recording light L1 and a shutting-off 
(shading) portion 9b which has no permeability to the 
recording light L1. The recording light projecting means 
90 uniformly projects the recording light L1 on the sub- 

45 ject 9. 

[0069] The reading light projecting means 93 line- 
arly projects the almost uniform reading light L2 onto 
the elements 16a of the stripe electrode 16 roughly at 
right angles to them, scanning the elements 16a along 

50 the longitudinal direction (in the direction of arrow in 
FIG. 3A). This scanning by means of the reading light 
L2 corresponds to the vertical scanning. In this scan- 
ning, continuous light may be projected or pulsed light 
may be projected. 

55 [0070] The current detection circuit 70 reads out the 
charges corresponding to the latent image charges 
stored in the charge storing section 19 through the sub- 
electrode 1 7 to provide an image signal at a level corre- 
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sponding to the quantity of the latent image charges, 
having a number of current detection amplifiers 71 con- 
nected to the elements 16a of the stripe electrode 16. 
The current detection amplifiers 71 detect the charges 
of the quantity corresponding to that of the latent image 5 
charges as a current through each element 17a, each 
comprising an operational amplifier 71 a ( an integrating 
capacitor 71b, and a switch 71c. The electrode layer 1 1 
in the detector 10 is connected to the respective one 
inputs 74a and 75a of the switches 74 and 75, and to w 
the negative electrode of the power supply 72. The pos- 
itive electrode of the power supply 72 is connected to 
the negative electrode of the power supply 73 and the 
other input 75b of the switch 75. The positive electrode 
of the power supply 73 is connected to the other input 15 
74b of the switch 74. The non-inverting input terminal 
(+) of each operational amplifier 71a is commonly con- 
nected to the output of the switch 74, and the inverting 
input terminal (-) is individually connected to the ele- 
ment 1 6a. The output of the switch 75 is commonly con- 20 
nected to each element 17a. 

[0071] In recording, the switches 74 and 75 are 
both connected to the respective "b" terminals, and volt- 
age is applied through the imaginary short circuit in the 
operational amplifiers across the electrode layer 1 1 and 25 
the stripe electrode 16, the specified supply by the 
power supplies 72 and 73. The power supply 73 also 
functions as control voltage applying means, and in 
recording, a DC voltage as a control voltage is applied 
to the sub-electrode 1 7 from this power supply 73. This 30 
supply voltage is set at such a voltage that causes the 
electric field formed across the electrode layer 11 and 
the stripe electrode 16, particularly, the potential gradi- 
ent in the photoconductive layer for recording, 12, to be 
roughly the same as that which would be formed when 35 
no sub-electrode 1 7 is provided, so that the latent image 
charges can be stably stored in the charge storing sec- 
tion 19. The sub-electrode 17 may be left open without 
any control voltage being applied to it in recording. Fur- 
ther, by bringing the voltage at the sub-electrode 17 40 
close to or away from the potential at the second con- 
ductive layer, i.e., the stripe electrode 16, the control 
voltage may be positively set so that a desired electric 
f ield is formed. 

[0072] On the other hand, in reading, the switches 45 
74 and 75 are both connected to the respective "a" ter- 
minals, and the linear reading light is projected onto the 
stripe electrode 16, the respective current detection 
amplifiers 71 concurrently detecting the current flowing 
through the respective elements 16a for the respective so 
elements 16a connected to them. The configurations of 
the current detection circuit 70 and the current detection 
amplifier 71 are not limited to those in this example, and 
a variety of configurations may be used (for example, 
refer to Japanese Patent Application No. 10 (1998)- ss 
232824 and Japanese Patent Application No. 10 
(1998)-271374). 

[0073] In this example, the circuitry is configured so 



that a DC voltage is applied to the sub-electrode 17 
from this power supply 73 in recording, but, a special 
power supply for the sub-electrode 17 may be provided 
independently of the power supply for applying the DC 
voltage across the electrode layer 1 1 and the stripe 
electrode 1 6 so that the control voltage having a desired 
waveform is applied to adjust the electric field in record- 
ing to a more preferable one. 

[0074] Hereinbelow, the method for recording 
image information as a static latent image in the detec- 
tor 10 and reading out the recorded static latent image 
with the record-reading device 1 configured as above 
will be described. First, the process of recording a static 
latent image will be described with reference to the elec- 
tric charge model as shown in FIG. 4A to FIG. 4C. The 
negative charges (-) and the positive charges (+) gener- 
ated in the photoconductive layer 12 by the recording 
light L1 are expressed by circling the signs M - M and on 
the drawing. The elements 17a of the sub-electrode 17 
are not expressed. 

[0075] When, with the record-reading device 1 con- 
figured as above, a static latent image is recorded in the 
detector 10, the switches 74 and 75 are both turned to 
the respective "b" terminals to apply the DC voltage 
across the electrode layer 11 and the stripe electrode 
16 in order to electrify both. At this time, a control volt- 
age to allow the latent image charges to be stably 
stored in the charge storing section 19 is applied to the 
sub-electrode 17 as stated above. In this way, a nearly 
U-shaped electric field is formed across the electrode 
layer 1 1 and the stripe electrode 16, and in most of the 
photoconductive layer for recording, 12, a roughly paral- 
lel electric f ield is provided, but at the boundary between 
the photoconductive layer for recording, 12, and the 
charge transporting layer 13, i.e., in the charge storing 
section 19, there are portions where there is no electric 
field. Thus, an electric field with which such a U-shaped 
electric field is continued along the longitudinal direction 
of the elements 16a is formed (FIG. 4A). 
[0076] Next, the radiation is projected on the sub- 
ject 9, and the recording light L1 carrying the radiation 
image information for the subject 9 which has pene- 
trated through the permeating portion 9a of the subject 
9 is projected on the detector 10. Then, pairs of 
charges, positive and negative, are generated in the 
photoconductive layer for recording, 12, in the detector 
1 0, and the negative charges of the pairs are transferred 
to the charge storing section 19 along the above-stated 
electric field (FIG. 4B). At this time, because the speci- 
fied DC voltage is applied to the sub-electrode 17 from 
the power supply 75 so that the potential gradient in the 
photoconductive layer for recording, 12, is not disar- 
ranged, the negative charges are transferred to the 
charge storing section 19, being passed by the side of 
or through the hole in the elements 17a of the sub-elec- 
trode 17 without being caught by the sub-electrode 17. 
In other words, any charges generated in the photocon- 
ductive layer for recording, 12, are transferred as if the 
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sub-electrode were not provided. 
[0077] In the charge storing section 19, microplates 
1 8 are provided, and the negative charges which have 
been transferred in the photoconductive layer for 
recording, 12, are caught and stopped by the micro- 
plates 18, being stored as latent image charges on the 
microplates 18 in this charge storing section 19 (FIG. 
4C). 

[0078] On the other hand, the positive charges gen- 
erated in the photoconductive layer for recording, 12, 
are transferred at high speed to the electrode layer 1 1 , 
and charge-recoupled with the negative charges 
injected from the power supplies 72 and 73 at the 
boundary between the electrode layer 1 1 and the photo- 
conductive layer for recording, 12, thus being cancelled. 
The recording light L1 will not permeate the shading 
portion 9b of the subject 9, and therefore no change will 
be caused in the area of the detector 10 under the shad- 
ing portion 9b (FIG. 4B and FIG. 4C). 
[0079] Thus, by projecting the recording light L1 on 
the subject 9, the charges corresponding to the subject 
image can be stored in the charge storing section 19, 
which is the boundary between the photoconductive 
layer for recording, 12, and the charge transporting 
layer 13. The quantity of the stored latent image 
charges (negative) is roughly in proportion to the dose 
of radiation which has been penetrated through the sub- 
ject 9 and projected onto the detector 10. Therefore, 
these latent image charges carry the static latent image, 
and the static latent image is recorded in the detector 
10. Because the latent image charges are stored on the 
microplates 18, the locations where the latent image 
charges are to be stored can be established for both the 
horizontal scanning and the vertical scanning, and for 
both scanning directions, a pixel is formed in the respec- 
tive established locations. 

[0080] Next, the process of reading out a static 
latent image will be described with reference to the elec- 
tric charge model as shown in FIG. 5 A to FIG. 5C. As is 
the case with the recording process, the negative 
charges (-) and the positive charges (+) generated in 
the photoconductive layer for reading, 14, by the read- 
ing light L2 are expressed by circling the signs and 
"+" on the drawing. 

[0081] In reading out the static latent image from 
the detector 10, the switches 74 and 75 are both turned 
to the respective "a" terminals to connect the electrode 
layer 11 in the detector 10 in which the static latent 
image has been recorded as described above, to the 
sub-electrode 17, and through the imaginary short cir- 
cuit in the operational amplifier, also to the stripe elec- 
trode 1 6, to electrify these to the same potential in order 
to rearrange the charges (FIG. 5A). Next, by moving the 
reading light projecting means 93 along the longitudinal 
direction of the elements 16a, i.e., carrying out the ver- 
tical scanning, the entire surface of the detector 10 is 
scanned with the linear reading light L2. This scanning 
with the reading light L2 generates pairs of charges, 



positive and negative, in the locations in the photocon- 
ductive layer 14 which correspond to the vertical scan- 
ning positions and where the reading light L2 is 
projected (FIG. 5B). When the detrimental effect of the 
5 dark current component is to be relatively reduced by 
projecting the reading light L2 in a pulsating manner, it 
is preferable to synchronize the scanning so that the 
reading light L2 is projected where the microplates 18 
are provided. 

io [0082] Between the charge storing section 19 and 
the stripe electrode 16, an extremely strong electric field 
is formed by the stored charges (negative), depending 
upon the thickness. The charge transporting layer 13 
acts as a conductor for positive charges, which means 

75 that, the positive charges generated in the photocon- 
ductive layer 14 are rapidly transferred in the charge 
transporting layer 13, being attracted by the latent 
image charges in the charge storing section 19, and are 
charge-recoupled with the latent image charges in the 

20 charge storing section 19, so as to be cancelled (FIG. 
5C). On the other hand, the negative charges generated 
in the photoconductive layer 14 are cancelled by being 
charge-recoupled with the positive charges in the elec- 
trode layer 1 1. the stripe electrode 16, and the sub-elec- 

25 trode 17{FIG. 5C). 

[0083] The photoconductive layer 14 is scanned 
with the reading light L2 having a sufficient luminous 
power, and the latent image charges stored in the 
charge storing section 19 of the detector 10 are all can- 

30 celled by the charge-recoupling for complete discharge. 
The latent image charges stored in the charge storing 
section 19 of the detector 10 being cancelled means 
that a discharge current flows in the detector 10, result- 
ing from the transfer of the charges, and can be 

35 regarded as a short-circuit being caused across the 
stripe electrode 16 and the charge storing section 19. 
This condition can be expressed with an equivalent cir- 
cuit as shown in FIG. 6, which uses a source of current, 
79, which is in proportion to the discharge current f low- 

40 ing in the detector 10, depending upon the quantity of 
the stored charges. This current flowing in the detector 
10 in reading corresponds to the latent image charges, 
i.e., the static latent image, so, by detecting this current 
by means of the current detection amplifiers 71, the 

45 static latent image can be read out, i.e., the image sig- 
nal representing the static latent image can be acquired. 
[0084] Because an extremely strong electric field is 
formed between the charge storing section 19 and the 
stripe electrode 16, the latent image charges can be 

so cancelled at an extremely high speed, which means that 
the response in reading out a static latent image is car- 
ried out at an extremely high speed. The smaller the 
sum of the thickness of the photoconductive layer for 
reading, 14, and that of the charge transporting layer 13 

55 for a given thickness of the photoconductive layer for 
recording, 12, the stronger the electric field formed in 
reading, and the more rapid the transfer of the charges, 
therefore, the higher the reading speed. 
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[0085] Here, the charge storing section 19 is pro- 
vided with the microplates 18, which means that, in the 
reading process (the charge-recoupling process and 
the discharging process), the latent image charges 
around the respective microplates 18 can be attracted 
toward the central portion of them, which allows the 
latent image charges to be discharged more sufficiently, 
resulting in the quantity of the unread charges being 
minimized. FIG. 7A to FIG. 7D are drawings illustrating 
the effect of the microplate 18 provided in the reading 
process, with FIG. 7A and FIG. 7B being for a case 
where no microplates 18 are provided, and FIG. 7C and 
FIG. 7D being for a case where microplates 18 are pro- 
vided. 

[0086] As shown in FIG. 7A to FIG. 7D, the reading 
light L2 is projected onto the photoconductive layer for 
reading, 14, through the element 16a to generate pairs 
of charges, positive and negative, in the photoconduc- 
tive layer for reading, 14. In recoupling of the positive 
ones of the generated charges with latent image 
charges in the charge storing section 19, recoupling is 
sequentially performed, starting from the charge in the 
location opposed to and the nearest to the element 16a. 
In other words, at the beginning of reading, the negative 
charge in the pixel centra! portion is cancelled by 
charge-recoupling, and then the charges outside that 
portion are sequentially charge-recoupled (FIG. 7A). 
When no microplate 18 is provided, the latent image 
charges in the charge storing section 19 are not caused 
to have the same potential, and are left in the respective 
stored locations. Therefore, as the reading progresses, 
charges in locations more distant from the element 16a 
must be read, the difficulty in reading being increased, 
and in the final process, charges may be left unread 
(FIG. 7B). 

[0087] On the other hand, when a microplate 18 is 
provided, the negative charge in the pixel central portion 
is cancelled by charge-recoupling at the beginning of 
reading, and then the charges outside that portion are 
sequentially charge-recoupled (FIG. 7C), but the 
charges stored on the microplate 1 8 are always held at 
the same potential. Consequently, as the reading 
progresses, the latent image charges are gradually 
moved to the central portion of the microplate 18, i.e., 
the pixel central portion, which means that, even in the 
final process, charge-recoupling with a latent image 
charge is performed in the pixel central portion, which 
provides the smallest distance between the microplate 
18 and the second conductive layer 15, i.e., the stripe 
electrode 16, and as a result the highest discharge effi- 
ciency, and the discharge can be easily continued with 
no charges being left unread (FIG. 7D). 
[0088] The above-described static latent image 
recording process and static latent image reading proc- 
ess will be described in greater detail by using a capac- 
itor model as shown in FIG. 8A to FIG. 8G. In these 
drawings FIG. 8A to FIG. 8G, the system is imaginarily 
divided into the sub-system for the permeating portion 



9a and that for the shading portion 9b of the subject 9 to 
express both processes as electrical equivalent circuit 
diagrams using a capacitor model. Between the elec- 
trode layer 1 1 and the charge storing section 19 which 

5 sandwich the photoconductive layer for recording, 12, a 
capacitor C- a is formed. Between the charge storing 
section 19 and the stripe electrode 16 (the elements 
16a) which sandwich the charge transporting layer 13 
and the photoconductive layer for reading, 14, a capac- 
itor C*b is formed. Between the sub-electrode 17 (the 
element 17a) and the charge storing section 19 which 
sandwich a part of the photoconductive layer for record- 
ing, 12, a capacitor C- c is formed. 
[0089] Across the capacitor C- a , an optical switch 

is SW- a (not shown) corresponding to the photoconduc- 
tive layer for recording, 12, which exhibits a conductivity 
with the recording light L1 is formed, and across the 
capacitor C* b , an optical switch SW- b (not shown) corre- 
sponding to the photoconductive layer for reading, 14, 

20 which exhibits a conductivity with the reading light L2 is 
formed. 

[0090] In the recording process, the DC voltage is 
first applied to the detector 1 0 from the power supplies 
72 and 73, which results in the distribution capacitors 

25 C« a , C b , and C* c being electrified (FIG. 8A). 

[0091 ] With the sub-system for the permeating por- 
tion 9a, projection of the recording light L1 turns the 
optical switch SW- a on, and only the capacitor C« b is 
charged through the resistor R- a corresponding to the 

30 quantity of light (FIG. 8B). This is the static latent image 
recording process, meaning that the static latent image 
has been recorded as the latent image charges in the 
capacitor C- b . The quantity of the latent image charges 
corresponds to the quantity of light of the recording light 

35 LI. 

[0092] Next, after removing the power supplies 72 
and 73, the electrode layer 1 1 side of the capacitor C- a 
is connected to the sub-electrode side 17 of the capaci- 
tor C- c , and the sub-electrode side 17 of the capacitor 

40 C- c is connected to the stripe electrode 16 side of the 
capacitor C- b for rearranging the charges (FIG. 8C). The 
sum of the quantities of the positive charges distributed 
to the capacitors, which are opposite in polarity to the 
latent image charges, is equal to the quantity of the 

45 latent image charges, and the quantities of the positive 
charges distributed are proportional to the capacitance 
values of the respective capacitors. Thereafter, by pro- 
jecting the reading light L2, the optical switch SW. b is 
turned on, and the charges stored in the capacitors C- a , 

so C* b , and C- c are discharged through the resistor R- b 
corresponding to the quantity of light (FIG. 8D). The 
equivalent circuit as shown in FIG. 6 is expressed as a 
circuit for detecting the discharge current resulting from 
the charges which are discharged to the outside of the 

55 detector 10 at this time. 

[0093] On the other hand, with the sub-system for 
the shading portion 9b, the recording light L1 will not 
turn the optical switch SW- a , and give no change to any 
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of the capacitors C- a , C b , and C- c (FIG. 8E). Therefore, 
connecting the capacitors C - a , C* b , and C c to one 
another in recording causes all of the capacitors C- a , 
C- b , and C-c to be brought into the discharged state 
(FIG. 8F). Consequently, when the reading light L2 is 
projected under such condition, no charges will be dis- 
charged from any of the capacitors C a , C b , and C- c 
(FIG. 8G). 

[0094] Next, the magnitude of the current flowing 
when the charges stored in the capacitors C- a , C- b , and 
C- c are discharged will be discussed. First, to simplify 
the description, a capacitor model as shown in FIG. 9A, 
which is not provided with the sub-electrode 17 and 
comprises only the capacitors C a and C- b is used. As 
stated above, the sum Q + of the quantities Q +a and Q +b 
of the positive charges distributed to the capacitors C- a 
and C- b in the charge rearrangement is equal to the 
quantity Q. of the latent image charges, and the quanti- 
ties Q +a and Q +b of the positive charges distributed are 
proportional to the capacitance values C a and C b of the 
respective capacitors. The sum of the thickness of the 
photoconductive layer for reading, 14, and that of the 
charge transporting layer 13, is smaller than the thick- 
ness of the photoconductive layer for recording, 12, 
which means, assuming that there is no significant dif- 
ference in dielectric constant between layers, that the 
capacitance value C b of the capacitor C- b is higher than 
the capacitance value C a of the capacitor C- a . Conse- 
quently, the quantity Q +b of the positive charges 
induced on the stripe electrode 16 side of the capacitor 
C- b is larger than the quantity Q +a of the positive 
charges induced on the electrode layer 11 side of the 
capacitor C* a . The above description can be repre- 
sented by the following equations. 

Q +a = G + xC a /(C a + C b ) 

Q +b -Q + *c b /(C a + c b ) 

[0095] The magnitudes of the currents flowing 
when the charges stored in the capacitors C* a and C« b 
are discharged are in proportion to the quantities Q +a 
and Q +b , and therefore, the current l b flowing out from 
the capacitor C- b is higher than the current l a flowing out 
from the capacitor C- a . 

[0096] Here, because the charge storing section 1 9 
is not directly provided with an electrode for taking out a 
signal, the current l b flowing out from the capacitor C- b 
provides the internal current flowing in the detector 10 
through the resistor R- b created when the optical switch 
SW- b is turned on in reading, and cannot be detected 
between the charge storing section 19 and the stripe 
electrode 17, and the positive charges distributed to the 
capacitor C- b in the sub-system for the permeating por- 
tion 9a cannot be taken out as signal charges to the out- 
side of the detector 10. In other words, of the quantity 



Q + of the positive charges which have been charge- 
rearranged in correspondence with the latent image 
charges (negative) stored in the charge storing section 
19 of the detector 10, the quantity of the charges which 

5 can be taken out to the outside, i.e., the quantity Q of 
the signal charges representing the radiation image 
information is equal to the quantity Q +a of the positive 
charges distributed to the capacitor C- a , and the current 
I flowing out from the detector 10 to the outside is equal 

10 to the current l a flowing out from the capacitor C- a . 
[0097] In other words, the positive charges gener- 
ated in the photoconductive layer for reading, 14, by the 
reading light L2 are cancelled by being charge-recou- 
pled with the latent image charges in the charge storing 

is section 19, while, of the negative charges generated in 
the photoconductive layer for reading, 14, those for the 
quantity Q +b of the positive charges rearranged on the 
elements 16a are cancelled by being charge-recoupled 
on the elements 16a, and the current at this time pro- 

20 vides only the internal current in the detector 10. Also, 
the negative charges in a quantity equal to the remain- 
ing Q +a are induced on the elements 16a, and the cur- 
rent flowing in charge-recoupling of these negative 
charges with the positive charges in the electrode layer 

25 11 is taken out as the current I flowing out from the 
detector 10 to the outside. 

[0098] As described above, the sum of the thick- 
ness of the photoconductive layer for reading, 14, and 
that of the charge transporting layer 13, is set at a value 

30 smaller than the thickness of the photoconductive layer 
for recording, 12, to improve the response speed in 
reading, and thus the capacitance value C b of the 
capacitor C- b is higher than the capacitance value C a of 
the capacitor C- a . This means that the quantity Q of the 

35 charges which can be taken out for a given quantity Q. 
of the recorded latent image charges is decreased, and 
the signal current I (= l a ) is correspondingly reduced, 
resulting in the reading efficiency being lowered. 
[0099] On the other hand, with the radiation solid- 

40 state detector 1 0 according to the present invention, the 
sub-electrode 17 is provided, which additionally forms a 
capacitor C- c . Hereafter, the capacitor model as shown 
in FIG. 9B will be described. As stated above, the sum 
Q + of the quantities Q +a , Q +b , and Q +c of the positive 

45 charges distributed to the capacitors C a , C- b , and C- c in 
the charge rearrangement is equal to the quantity Q. of 
the latent image charges, and the quantities Q +a , Q +b . 
and Q +c of the positive charges distributed are propor- 
tional to the capacitance values C a , C b , and C c of the 
50 respective capacitors. This description can be repre- 
sented by the following equations. 

Q. = Q + = Q +a + Q +b + Q +c 
55 Q +a = Q + xC a /(C a + C b + C c ) 

Q +b =Q + xC b /(C a + C b + C c ) 
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[0100] Incidentally, consideration of the capaci- 
tance values of the capacitors C- a , C- b , and C- c points 
out that the sub-electrode 17 is provided in the photo- 
conductive layer for recording, 12, in the location sepa- 
rated by the distance "d" from the charge storing section 
19, which is the boundary between the photoconductive 
layer for recording, 12, and the charge transporting 
layer 13, and on the other hand, the electrode layer 1 1 
is provided at a location much farther than the distance 
"d M . This means that the capacitance value C c of the 
capacitor C- c , which is formed between the sub-elec- 
trode 17 and the charge storing section 19 through the 
photoconductive layer for recording, 12, is sufficiently 
higher than the capacitance value C a of the capacitor 
C- a , which is formed between the electrode layer 1 1 and 
the charge storing section 19 through the photoconduc- 
tive layer for recording, 12. On the other hand, providing 
the sub-electrode 17 as stated above will have practi- 
cally no great effect on the capacitance value C b of the 
capacitor C- b , which is formed between the stripe elec- 
trode 16 and the charge storing section 19 through the 
photoconductive layer for reading, 14, and the charge 
transporting layer 13. As a result, the quantity Q +b of the 
positive charges distributed to the capacitor C- b in the 
charge rearrangement can be reduced to below that 
when the sub-electrode 17 is not provided. In addition, 
by setting the distance "d" from the electrode layer 1 1 at 
an appropriate value, the capacitance value C c of the 
capacitor C- c can be increased to more than the capac- 
itance value C b of the capacitor C« b to further reduce the 
quantity Q +b of the positive charges distributed to the 
capacitor C- b . 

[01 01 ] As with the case where the sub-electrode 1 7 
is not provided, the positive charges distributed to the 
capacitor C- b cannot be taken out as signal charges to 
the outside of the detector 10, and so, the quantity Q of 
the signal charges which can be taken out.to the outside 
is equal to the sum of the quantities Q +a and Q +c of the 
positive charges, distributed to the capacitors C* a and 
C- c , i.e., (Q +a + Q + c). and the current I flowing out from 
the detector 10 to the outside is equal to the sum (l a + 
l c ) of the current l a flowing out from the capacitor C a 
and the current l c flowing out from the capacitor C« c . As 
stated above, because the quantity Q +b of the positive 
charges distributed to the capacitor C- b can be reduced 
to below that when the sub-electrode is not provided, 
the current I (= I a + I c ) flowing out from the detector 10 
to the outside can be increased to greater than that 
when the sub-electrode is not provided. 
[0102] As a result of this, notwithstanding that the 
sum of the thickness of the charge transporting layer 13 
and that of the photoconductive layer for reading, 14, is 
smaller than the thickness of the photoconductive layer 
for recording, 12, providing the sub-electrode 17 can 
increase the quantity Q of the signal charges or the sig- 
nal current I which can be taken out from the detector 1 0 



to the outside, i.e., the reading efficiency, resulting in the 
S/N ratio for the reproduced image being improved. 
[0103] Because the capacitance value C c of the 
capacitor C- c can be increased to a value sufficiently 
5 higher than the capacitance value C a of the capacitor 
C- a , the quantity Q +c of the positive charges distributed 
to the capacitor C« c can be increased to a quantity suffi- 
ciently larger than the quantity Q +a of the positive 
charges distributed to the capacitor C- a and the current 
io l c flowing out from the capacitor C- c can be increased to 
a current sufficiently higher than the current l a flowing 
out from the capacitor C- a . Consequently, if only the cur- 
rent l c flowing out from the capacitor C- c is detected 
through the sub-electrode 17, it can be expected that a 
75 sufficiently large image signal is taken out. 

[01 04] With the current detection circuit 70, the cur- 
rent I flowing out from the detector 10 is detected con- 
currently for the respective elements 16a. In other 
words, the integrating capacitor 71b for the current 
20 detection amplifier 71 connected to the respective ele- 
ments 16a is charged by the current I, the charges cor- 
responding to the quantity of the current flowing are 
stored in the integrating capacitor 71b, and the voltage 
across the integrating capacitor 71b is changed. This 
25 change in voltage is in proportion to the quantity Q. of 
the latent image charges for each pixel which had been 
stored in the detector 10. Therefore, by turning the 
switch 71c on between pixels during scanning to dis- 
charge the charges stored in the integrating capacitor 
30 7 1 b, the change in voltage corresponding to the quantity 
of the latent image charges for each pixel is sequentially 
observed across the integrating capacitor 71b, and by 
detecting this change in voltage, the image signal repre- 
senting the static latent image can be obtained. In other 
35 words, the radiation image information can be read out. 
[0105] When each element 17a of the sub-elec- 
trode 17 is located just above the element 16a of the 
stripe electrode 1 6, both being disposed so that they are 
opposed to each other, the charges are rearranged con- 
40 currently for all the elements 1 7a for the sake of reading 
out the image signal concurrently for the respective ele- 
ments 16a of the stripe electrode 16. In this case, in the 
pixel locations other than those where reading is carried 
out with the reading light L2 in vertical scanning, the ele- 
45 ment 16a is opposed to the element 1 7a, resulting in the 
distributed capacitance which does not contribute to the 
signal reading being increased, and this is disadvanta- 
geous from the viewpoint of steady noise. However, 
because the element 17a is not switched over, no 
so switching noise is produced. 

[0106] FIG. 10A to FIG. 10C are drawings illustrat- 
ing the schematic configuration of a radiation solid-state 
detector according to a second embodiment of the 
present invention, FIG. 10A being a perspective side 
55 view, FIG. 10B being an X-Z sectional drawing at the 
portion shown by arrow-Q, and FIG. 10C being an X-Y 
sectional drawing at the portion shown by arrow-R In 
FIG. 10A to FIG. 10C, any element equivalent to that of 
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the detector 10 according to the first embodiment as 
shown in FIG. 1 A to FIG. 1C is provided with the same 
reference numeral, and the description about it will be 
omitted except when required. With this detector 10a 
according to the second embodiment, the elements 1 7a 
of the sub-electrode 1 7 are disposed so that they almost 
orthogonally intersect the elements 16a of the stripe 
electrode 16. 

[0107] The microplate 18 is disposed correspond- 
ingly in the location where the element 16a intersects 
the element 1 7a. When pulsed light is to be projected as 
the reading light L2, the system is configured so that the 
pulsed light is projected at least into the locations in the 
photoconductive layer for reading, 14, which correspond 
to the locations where the microplates 18 are disposed. 
[0108] When the elements 17a are thus disposed 
so that they almost orthogonally intersect the elements 
16a, all the elements 17a are connected to the non- 
inverting input terminals of the current detection amplifi- 
ers 71 and the electrode of the electrode layer 1 1 to 
carry out charge-rearrangement prior to reading. There- 
after, preferably, only the element 17a corresponding to 
the scanning position in vertical scanning with the read- 
ing light L2. i.e., the element 17a in the reading line, or 
the elements 17a in the reading line and the lines 
around it are connected to the non-inverting input termi- 
nals of the current detection amplifiers 71 and the elec- 
trode of the electrode layer 1 1 , and the other elements 
17a are left open. This technique is extremely advanta- 
geous from the viewpoint of steady noise. 
[0109] If all the elements 17a are left to be con- 
nected during reading, the distributed capacitance is 
lower than that when both elements 16a and 17a are 
disposed so that they are opposed to each other. In this 
case, there is no need to provide line switching-over 
means, resulting in the cost being reduced. 
[0110] FIG. 11 A to FIG. 1 1C are drawings illustrat- 
ing the schematic configuration of a radiation solid-state 
detector according to a third embodiment of the present 
invention, FIG. 11A being a perspective side view, FIG. 
11B being an X-Z sectional drawing at the portion 
shown by arrow-Q, and FIG. 1 1C being an X-Y sectional 
drawing at the portion shown by arrow-P. In FIG. 1 1 A to 
FIG. 1 1 C, any element equivalent to that of the detector 
10 according to the first embodiment as shown in FIG. 
1A to FIG. 1C is provided with the same reference 
numeral, and the description about it will be omitted 
except when required. With this detector 10b according 
to the third embodiment, the microplates 18 for the 
above-stated detector 10 are removed. 
[0111] Therefore, when the quantity of the record- 
ing light L1 is small, the negative charges are attracted 
toward the center of the respective elements 16a, 
resulting in the latent image charges being distributed to 
each element 16a, and the latent image charges being 
stored in accordance with the arrangement of the ele- 
ments 16a. Therefore, by narrowing the spacing 
between elements 16a, the locations where the latent 
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image charges are stored are fixed at least for the direc- 
tion of arrangement of the elements 16a. 
[0112] Regardless of whether the microplates 18 
are provided or not, the smaller the sum of the thickness 
5 of the charge transporting layer 13 and that of the pho- 
toconductive layer for reading, 14, for a given thickness 
of the photoconductive layer for recording, 12, the lower 
the ratio of the width of the element 16a to the pitch for 
the elements 16a (preferably, 75% or less), and if the 
to sum of the thickness of the charge transporting Jayer 1 3 
and that of the photoconductive layer for reading, 14, is 
approximately equal to or less than the pitch for the 
stripe electrode 16 and the smaller the sum, the more 
clearly the area where there is no electric field will be 
75 formed. Further, by decreasing the mobility of the nega- 
tive charge in the charge transporting layer 1 3 to a value 
sufficiently lower than that of the positive charge (for 
example, to 1/10 3 or less), the ability of storing the latent 
image charges is improved and also the ability of main- 
20 taining the static latent image is enhanced. 

[0113] FIG. 12A to FIG. 12C are drawings illustrat- 
ing the schematic configuration of a radiation solid-state 
detector according to a fourth embodiment of the 
present invention, FIG. 12A being a perspective side 
25 view, FIG. 12B being an X-Z sectional drawing at the 
portion shown by arrow-Q, and FIG. 12C being an X-Y 
sectional drawing at the portion shown by arrow-P. In 
FIG. 12A to FIG. 12C, any element equivalent to that of 
the detector 10 according to the first embodiment as 
30 shown in FIG. 1 A to FIG. 1C is provided with the same 
reference numeral, and the description about it will be 
omitted except when required. With this detector 10c 
according to the fourth embodiment, the above-stated 
detector 10a is combined with the above-stated detec- 
35 tor 1 0b, the elements 1 7a of the sub-electrode 1 7 being 
disposed roughly orthogonally to the elements 16a of 
the stripe electrode 16, and the microplates 18 being 
removed. The detailed description of the function when 
this detector 10c is used will be omitted. The function of 
40 the detector 1 0c is based on that of the detector 1 0, pro- 
viding the function as a result of combination of the 
detector 10a with the detector 10b. 
[0114] When pulsed light is to be projected as the 
reading light L2, the system is configured so that the 
45 pulsed light is projected onto the locations in the photo- 
conductive layer for reading, 14, which correspond to 
the locations where the elements 16a intersect the ele- 
ments 17a. 

[0115] FIG. 13A to FIG. 13C are drawings illustrat- 
50 ing the schematic configuration of a radiation solid-state 
detector according to a fifth embodiment of the present 
invention, FIG. 13 A being a perspective side view, FIG. 
13B being an X-Z sectional drawing at the portion 
shown by arrow-Q, and FIG. 13C being an X-Y sectional 
55 drawing at the portion shown by arrow-P. In FIG. 1 3A to 
FIG. 1 3C, any element equivalent to that of the detector 
10 according to the first embodiment as shown in FIG. 
1A to FIG. 1C is provided with the same reference 
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numeral, and the description about it will be omitted 
except when required. With this detector 10d according 
to the fifth embodiment, the charge transporting layer 13 
for the above-stated detector 10a is removed. The entire 
thickness of the detector 1 0d can therefore be reduced 5 
by the thickness of the charge transporting layer 13. 
[0116] As described above, when the microplates 
18 are provided, the negative charges generated in the 
photoconductive layer for recording, 12, are stored on 
the microplates 1 8 in the recording process. Therefore, 10 
if the charge transporting layer 13, which has noncon- 
ductivity to the latent image charges, is not provided, 
the latent image charges can be stored only with the 
microplates 18. The negative charges which have not 
been stored on the microplates 18 are passed though is 
the photoconductive layer for reading, 14, and recou- 
pled with the positive charges stored on the stripe elec- 
trode 16, thus being cancelled. In the reading process, 
the latent image charges around the respective micro- 
plates 18 can be attracted toward the central portion of 20 
the plates to be sufficiently discharged to minimize the 
quantity of the charges left unread. 
[0117] FIG. 14A to FIG. 14C are drawings illustrat- 
ing the schematic configuration of a radiation solid-state 
detector according to a sixth embodiment of the present 25 
invention, FIG. 14A being a perspective side view, FIG. 
14B being an X-Y sectional drawing at the portion 
shown by arrow-Q, and FIG. 14C being an X-Z sectional 
drawing at the portion shown by arrow-P. In FIG. 14A to 
FIG. 1 4C t any element equivalent to that of the detector 30 
10 according to the first embodiment as shown in FIG. 
1A to FIG. 1C is provided with the same reference 
numeral, and the description about it will be omitted 
except when required. 

[01 1 8] With the detector 1 0e according to the sixth 35 
embodiment, the size of the microplates 18 for the 
detector 10 is changed, the length of the side of each 
microplate 18 being specified to be smaller than the 
pixel pitch, i.e., less than half of the arrangement pitch 
for the elements 16a. As shown in FIG. 14B and FIG. 40 
14C, each microplate 18 is located just below the ele- 
ment 16a, i.e., in the central portion of the pixel, and the 
microplates 18 are disposed at the pixel pitch for the 
longitudinal direction of the elements 16a. 
[0119] An electric charge model in the static latent 45 
image recording process when the detector 10e is used 
is shown in FIG. 15A to FIG. 15C, while that in the static 
latent image reading process is shown in FIG. 16A to 
FIG. 16C. 

[01 20] In the recording process, the U-shaped elec- so 
trie field is further concentrated on the microplate 18, 
i.e., the pixel central portion in the vicinity of the charge 
storing section 19, because, in the charge storing sec- 
tion 19, the microplate 18 which is shorter than the pixel 
pitch is provided for the respective elements 16a of the ss 
stripe electrode 16. Therefore, as the hatched areas 
indicated with an arrow Z in FIG. 15A, large areas 
where there is no electric field are formed in the charge 



storing section 19. 

[0121] The negative charges generated in the pho- 
toconductive layer for recording, 12, are transferred 
along this electric field so that they are concentrated on 
the respective microplates 18 (FIG. 15B). Then, they 
are stopped, being caught by and stored on the respec- 
tive microplates 18(FIG. 15C). The charge transporting 
layer 13 acts as an insulator for charges having the 
same polarity as that of the charges stored in the elec- 
trode layer 1 1 , (in this example, a negative charge), i.e., 
the latent image charges, and so, of the negative 
charges which have been transferred in the photocon- 
ductive layer for recording, 12, the charges which have 
not been caught by the microplates 18 are stopped in 
the charge storing section 19, which is the boundary 
between the photoconductive layer for recording, 12, 
and the charge transporting layer 13. As a result, 
charges are stored not only on the respective micro- 
plates 18, but also around them in the charge storing 
section 19, which means that the negative charges are 
stored as the latent image charges on and around the 
respective microplates 18 (FIG. 15D). 
[01 22] Thus, with the detector 1 0e, the latent image 
charges are stored on and around the respective micro- 
plates 18, and so, the pixels can be formed in the fixed 
locations for both the horizontal scanning and the verti- 
cal scanning, and for both scanning directions, the static 
latent image can be recorded with high sharpeness 
(spatial resolution). 

[0123] On the other hand, in the reading process, 
the latent image charges are sequentially cancelled, 
starting from those in the central portion, as with the 
above-stated detector 10. The microplate 18 for the 
detector 10e is smaller than that for the detector 10, the 
latent image charges being stored not only on the 
respective microplates 18 but also around them (FIG. 
16A), and the latent image charges stored around the 
microplate 18 cannot be said to always have the same 
potential as those on it, being left in their original loca- 
tions if the reading progresses. However, in the record- 
ing process, the latent image charges are stored, being 
concentrated on the respective microplates 18, which 
means, they are stored in the respective pixel central 
portions more intensively than are when the microplates 
18 are not provided, which reduces the possibility of 
charges being left unread in the final process of reading 
(FIG. 16B and FIG. 16C). In addition, because the 
charges are stored not only on the respective micro- 
plates 18, but also around them, the quantity of the 
stored charges will not be reduced, and the level of the 
image signal obtained by reading will not be lowered. In 
other words, with this detector 10e, the image signal 
level is not deteriorated, and it is possible to form the 
pixels in the fixed locations on the detector, and to real- 
ize both improvement of the reading efficiency and 
enhancement of the sharpeness. The technique which 
sets the length of each side, i.e.. the size of the micio- 
plate 18 at a value smaller than the pixel pitch can be 



16 



31 



EP 1 041 400 A2 




32 



applied not only to the detector 10, but also to the 
above-stated other detectors, and the later described 
detectors. 

[01 24] A seventh embodiment of the radiation solid- 
state detector according to the present invention will be 
described with reference to FIG. 17A to FIG. 17C. FIG. 
17A is a perspective side view of a detector 20, FIG. 
1 7B is an X-Z sectional drawing at the portion shown by 
arrow-Q, and FIG. 17C is an X-Y sectional drawing at 
the portion shown by arrow-P. 

[0125] This detector 20 comprises an electrode 
layer 21, a photoconductive layer for recording, 22, a 
charge transporting layer 23, a photoconductive layer 
for reading, 24, and an electrode layer 25 which are 
stacked together in this order, providing a sub-electrode 
27 in the electrode layer 25. As the substances for these 
layers, the substances for the detector 10 according to 
the first embodiment are used. As with the detector 10, 
the electrode of the electrode layer 25 is a stripe elec- 
trode 26 with which a number of elements 26a are 
arranged in the form of stripes, and in a charge storing 
section 29, which is the boundary between the photo- 
conductive layer for recording, 22, and the charge trans- 
porting layer 23, microplates 28 which have roughly the 
same size as the pixel pitch are provided. 
[0126] With the sub-electrode 27 provided in the 
electrode layer 25, a number of elements 27a are 
arranged in the form of stripes, the elements 27a being 
arranged so that the element 27a and the element 26a 
of the stripe electrode 26a are alternately disposed. An 
area 25a between both elements, is filled with a high- 
polymer material, such as polyethylene in which some 
quantity of carbon black or other pigment is dispersed. 
The stripe electrode 26 and the sub-electrode 27 are 
electrically insulated from each other. The sub-elec- 
trode 27 is a conductive member for outputting an elec- 
tric signal at a level corresponding to the quantity of the 
latent image charges stored in the charge storing sec- 
tion 29 formed roughly at the boundary between the 
photoconductive layer for recording, 22, and the charge 
transporting layer 23. 

[0127] The sub-electrode 27 is coated with such a 
metal as AL and Cr, being formed so as to have a shad- 
ing property with respect to the reading light L2, and 
therefore, no pairs of charges for taking out a signal are 
generated in the locations in the photoconductive layer 
for reading, 24, which correspond to the elements 27a. 
[0128] The microplate 28 is provided not only just 
above the element 26a, but also extends to just above 
the element 27a. In this way, the latent image charges 
stored on the microplate 28 are always held at the same 
potential, which allows them to move freely on the 
microplate 28, making the discharge in reading easier. 
. The microplate 28 may be disposed so that its center is 
located just above the element 27a to make collection of 
the charges around the pixel easier. 
[0129] When the detector 10 is used, the specified 
control voltage is applied to the sub-electrode 1 7 so that 



the latent image charges are stably stored in the charge 
storing section 19. However, with this detector 20, the 
sub-electrode 27 is provided in the electrode layer 25, 
so that, by applying the control voltage so that the sub- 
5 electrode 27 has the same potential as that of the stripe 
electrode 26, a uniform electric field can be formed 
between the electrode layer 21 and the electrode layer 
25. This is preferable when the size of the microplate 28 
is the same as that of the entire pixel, i.e., the pixel pitch. 
10 By controlling the sub-electrode 27 so that it is open or 
has a potential closer to that of the electrode layer 21 
than that of the stripe electrode 26, the latent image 
charges can be stored more intensively above the stripe 
electrode 26. This technique can be effectively used 
15 when the microplate 28 is smaller than the pixel pitch. 
[0130] With this detector 20, a capacitor C- c is 
formed between the charge storing section 29 and the 
sub-electrode 27 through the photoconductive layer for 
reading, 24, and the charge transporting layer 23. Pro- 
20 viding the sub-electrode 27 will have practically no great 
effect on the capacitance value C a of the capacitor C- a 
formed between the electrode layer 21 and the charge 
storing section 29 through the photoconductive layer for 
recording, 22, and the capacitance value C b of the 
25 capacitor C* b famed between the stripe electrode 26 
and the charge storing section 29 through the photo- 
conductive layer for reading, 24, and the charge trans- 
porting layer 23. 

[0131] Here, in consideration of the capacitance 
30 values of the capacitors C- b and C- c it will be noted that 
the ratio of the capacitance values C b and C c is that of 
the widths W b and W c of the elements 26a and 27a. 
This means that, as with the above-stated detector 10, 
the quantity Q +b of the positive charges distributed to 
35 the capacitor C- b in the charge rearrangement can be 
reduced to below that when the sub-electrode 27 is not 
provided, and the current flowing out from the detector 
20 to the outside can be increased to above that when 
the sub-electrode 27 is not provided. 
40 [01 32] With the detector 10, the capacitance values 
of the capacitors are defined by the film thickness ratio, 
but, with this detector 20, the capacitance values of at 
least the capacitors C- b and C- c are defined by the width 
ratio for the element 26a and the element 27a constitut- 
45 ing the respective electrodes, which means that, the 
construction of the detector is simple, and the manufac- 
turing can be performed easily. 

[0133] FIG. 18A to FIG. 18C are drawings illustrat- 
ing the schematic configuration of a radiation solid-state 
so detector according to a eighth embodiment of the 
present invention, FIG. 18A being a perspective side 
view, FIG. 18B being an X-Z sectional drawing at the 
portion shown by arrow-Q, and FIG. 18C being an X-Y 
sectional drawing at the portion shown by arrow-P. In 
55 FIG. 18A to FIG. 18C, any element equivalent to that of 
the detector 20 according to the seventh embodiment 
as shown in FIG. 17A to FIG. 17C is provided with the 
same reference numeral, and the description about it 
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will be omitted except when required. With this detector 
20 according to the eighth embodiment, the microplates 
28 for the above-stated detector 20 are removed, and in 
recording, the stripe electrode 26 is connected to the 
sub-electrode 27 to positively utilize the sub-electrode 5 
27 for formation of the electric field. 
[0134] FIG. 19A is an electric charge model illus- 
trating the static latent image recording process when 
the stripe electrode 26 is connected with the sub-elec- 
trode 27 for recording, and FIG. 19B is an electric 10 
charge model illustrating the static latent image reading 
process for the permeating portion 9a of the subject 9. 
When recording is carried out with the stripe electrode 
26 being connected with the sub-electrode 27, the latent 
image charges are stored not only in the locations cor- 15 
responding to the elements 26a, but also in those corre- 
sponding to the elements 27a. when the reading light L2 
is projected onto the photoconductive layer for reading, 
24, in reading, the latent image charges in the locations 
corresponding to the two elements 27a, i.e., the loca- 20 
tions above both elements 27a, are sequentially read 
out through the two elements 27a. In other words, as 
shown in FIG. 19B, discharge is caused from the ele- 
ment 26a located at the center of the pixel toward the 
latent image charges in the locations corresponding to 25 
(above) the elements 27a adjacent to it, whereby read- 
ing is progressed. To take out more signal charges, it is 
recommended that the width of the element 27a be 
larger than that of the element 26a. 

[0135] FIG. 20A to FIG. 20C are drawings illustrat- so 
ing the schematic conf iguration of a radiation solid-state 
detector according to a ninth embodiment of the present 
invention, FIG. 20A being a perspective side view, FIG. 
20B being an X-Z sectional drawing at the portion 
shown by arrow-Q, and FIG. 20C being an X-Y sectional ss 
drawing at the portion shown by arrow-P. In FIG. 20A to 
FIG. 20C, any element equivalent to that of the detector 
20 according to the seventh embodiment as shown in 
FIG. 17A to FIG. 17C is provided with the same refer- 
ence numeral, and the description about it will be omit- 40 
ted except when required. With this detector 20b 
according to the ninth embodiment of the present inven- 
tion, the microplates 28 for the above-stated detector 20 
are removed, and the element 26a of the stripe elec- 
trode 26 and the element 27a of the sub-electrode 27 45 
are alternately disposed in one pixel. With the detector 
20b shown, three elements 26a and three elements 27a 
are provided in one pixel. When this detector 20b is 
used for recording and reading, it is recommended that 
the elements 26a and the elements 27a be handled in sc 
units of one pixel. Assuming that the size of one pixel for 
the detector 20 is the same as that for the detector 20b, 
the width W b of the element 26a and the W c of the ele- 
ment 27a for the detector 20b are set more narrowly 
than the width W b and the W c for the above-stated st 
detector 20. Now that semiconductor formation technol- 
ogy is very advanced, it is easy to form both elements 
26a and 27a sufficiently narrowly to manufacture the 



detector 20b. 

[0136] With this detector 20b, the ratio of the dis- 
tance D1 between the charge storing section 29 and the 
electrode layer 25 to the distance D2 between both ele- 
ments 26a and 27a can be easily increased to a value 
higher than that for the above-stated detector 20a 
according to the eighth embodiment. In this way, dis- 
charge tends to be easily caused from the element 26a 
toward the latent image charges in the locations corre- 
sponding to the elements 27a adjacent to it, whereby 
the reading time can be decreased to below that for the 
detector 20. This technique is particularly effective 
when no microplates 28 are provided. 
[0137] FIG. 21 A to FIG. 21 C are drawings illustrat- 
ing the schematic configuration of a radiation solid-state 
detector according to a tenth embodiment of the present 
invention, FIG. 21 A being a perspective side view, FIG. 
21 B being an X-Z sectional drawing at the portion 
shown by arrow-Q, and FIG. 21 C being an X-Y sectional 
drawing at the portion shown by arrow-P. In FIG. 21 A to 
FIG. 21C, any element equivalent to that of the detector 
20 according to the seventh embodiment as shown in 
FIG. 17A to FIG. 17C is provided with the same refer- 
ence numeral, and the description about it will be omit- 
ted except when required. With this detector 20c 
according to the tenth embodiment of the present inven- 
tion, the charge transporting layer 23 for the above- 
stated detector 20a is removed, and the configuration 
corresponds to that of the above-stated detector 10d. 
[0138] The detailed description of the function in 
the recording process and the reading process when 
this detector 20c is used will be omitted. As with the 
above-stated detector 10d, the negative charges gener- 
ated in the charge transporting layer 23 can be stored 
on the microplates 28 in the recording process, and in 
the reading process, the negative charges can be suffi- 
ciently discharged to minimize the quantity of the 
charges left unread. 

[0139] An eleventh embodiment of the radiation 
solid-state detector according to the present invention 
will be described with reference to FIG. 22A to FIG. 
22C. FIG. 22A is a perspective side view of a detector 
30; FIG. 22B is an X-Z sectional drawing at the portion 
shown by arrow-Q; and FIG. 22C is an X-Y sectional 
drawing at the portion shown by arrow-P. 
[0140] This detector 30 comprises an electrode 
layer 31, a photoconductive layer for recording, 32, a 
charge transporting layer 33, a photoconductive layer 
for reading, 34, and an electrode layer 35 which are 
stacked together in this order, providing a sub-electrode 
37 at the boundary between the photoconductive layer 
for reading, 34, and the charge transporting layer 33. As 
the substances for these layers, the substances for the 
detector 10, etc. according to the first embodiment are 
used. As with the detector 10, etc., the electrode of the 
electrode layer 35 is a stripe electrode 36 with which a 
number of elements 36a are arranged in the form of 
stripes, and microplates 38 which have roughly the 
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same size as the pixel pitch are provided in a charge 
storing section 39, which is the boundary between the 
photoconductive layer for recording, 32, and the charge 
transporting layer 33. 

[0141] With the sub-electrode 37, a number of ele- 
ments 37a are arranged in the form of stripes, and the 
elements 37a are disposed so that they almost orthog- 
onally intersect the elements 36a of the stripe electrode 
36. Each element 37a may be located just above the 
element 36a of the stripe electrode 36, both being dis- 
posed so that they are opposed to each other. The sub- 
electrode 37 may be either permeable or not permeable 
to the recording light and the reading light. 
[0142] With this detector 30, the sub-electrode 37 is 
provided at the boundary between the photoconductive 
layer for reading, 34, and the charge transporting layer 
33. Therefore, the electric field formed between the 
photoconductive layer for reading, 34, and the charge 
transporting layer 33 is slightly disturbed by the sub- 
electrode 37, but, the latent image charge generated in 
the photoconductive layer for recording, 32, will not be 
caught by the sub-electrode 37. 
[0143] With this detector 30, a capacitor C. c is 
formed between the charge storing section 39 and the 
sub-electrode 37 through the charge transporting layer 
33. Providing the sub-electrode 37 will have practically 
no great effect on the capacitance value C a of the 
capacitor C- a formed between the electrode layer 31 
and the charge storing section 39 through the photo- 
conductive layer for recording, 32, and the capacitance 
value C b of the capacitor C- b formed between the stripe 
electrode 36 and the charge storing section 39 through 
the photoconductive layer for reading, 34, and the 
charge transporting layer 33. 

[01 44] The capacitance values of the capacitors are 
defined by the film thickness ratio, as with the detector 
10. Unlike the detector 20, the detector 30 provides the 
sub-electrode 37 outside the electrode layer 35, which 
means that, the width and the pitch for the elements 37a 
can be set independently of the width and the pitch for 
the elements 36a, so the capacitance values can be set 
more easily than with the detector 20. 
[0145] Also with this detector 30, as a result of the 
capacitor C- c being formed, the quantity Q +b of the pos- 
itive charges distributed to the capacitor C* b in the 
charge rearrangement can be reduced to below that 
when the sub-electrode 37 is not provided, and the cur- 
rent I flowing out from the detector 30 to the outside can 
be increased to above that when the sub-electrode 37 is 
not provided. 

[0146] With the detector 20, the elements 27a of the 
sub-electrode 27 are disposed in parallel with the ele- 
ments 26a of the stripe electrode 26. Therefore, all the 
elements 27a must be electrically connected for carry- 
ing out the reading, which increases the distributed 
capacitance, being disadvantageous from the viewpoint 
of fixed noise. On the other hand, with the detector 30, 
when the elements 37a are disposed roughly orthogo- 



nally to the elements 36a, the charges can be rear- 
ranged by carrying out switchover so that only the 
element 37a corresponding to the scanning position in 
vertical scanning with the reading light L2 is connected 

5 to the electrode layer 31 and the stripe electrode 36, 
and the other elements 37a can be left open, which 
means that, the distributed capacitance which does not 
contribute to the signal reading can be reduced to an 
extremely low value for reduction of the fixed noise. 

io [0147] Because the sub-electrode 37 is located 
closer to the charge storing section 39 than to the pho- 
toconductive layer for reading, 34, in the detector 30, it 
has no effect on the charge generation process by the 
reading light L2, and so, whether or not the sub : elec- 

75 trode 37 is permeable to the reading light L2 has no 
effect on the reading resolution. 
[0148] When the sub-electrode in the form of 
stripes is provided between the photoconductive layer 
for reading and the charge transporting layer, the width 

20 and the pitch for the elements can be freely set as 
stated above, which means that, each element 37a may 
be disposed so that it is located under and between 
microplates 38 rather than just under the microplate 38, 
and the two elements 37a sandwiching the microplates 

25 38 related to the reading line may be shorted simultane- 
ously to carry out the reading. In this case, the size of 
the microplates 38 is generally set at a value approxi- 
mately equal to the pixel pitch, for example, when the 
width of the element 36a is 75 juim, and the pitch is 100 

30 the size of the microplate 38 is set at approx. 75 jim 
square. Therefore, in this case, it is recommended to set 
the width of the element 37a at 10 *im, and the pitch at 
100 pm, for example. Also when no microplates are pro- 
vided, two elements 37a can be shorted simultaneously 

35 to read out the charges for the pixels sandwiched by 
these two elements 37a. 

[0149] Next, a twelfth embodiment of the radiation 
solid-state detector according to the present invention 
will be described with reference to FIG. 23A to FIG. 

40 23C. FIG. 23A is a perspective side view of a detector 
40, FIG. 23B is an X-Z sectional drawing at the portion 
shown by arrow-Q, and FIG. 23C is an X-Y sectional 
drawing at the portion shown by arrow-P. 
[0150] This detector 40 comprises an electrode 

45 layer 41, a photoconductive layer for recording, 42, a 
charge transporting layer 43, a photoconductive layer 
for reading, 44, and an electrode layer 45 which are 
stacked together in this order, providing a sub-electrode 
47 in the charge transporting layer 43. As the sub- 

so stances for these layers, the substances for the detector 
10, etc. according to the first embodiment are used. As 
with the detector 10, etc., the electrode of the electrode 
layer 45 is a stripe electrode 46 with which a number of 
elements 46a are arranged in the form of stripes, and 

55 microplates 48 which are effective to concentrate the 
latent image charges on the pixel central portion are 
provided in a charge storing section 49, which is the 
boundary between the photoconductive layer for record- 
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ing, 42, and the charge transporting layer 43. 
[0151] With the sub-electrode 47, a number of ele- 
ments 47a are arranged in the form of stripes, and the 
elements 47a are disposed so that they almost orthog- 
onally intersect the elements 46a of the stripe electrode 5 
46. Each element 47a may be located just above the 
element 46a of the stripe electrode 46, both being dis- 
posed so that they are opposed to each other. The sub- 
electrode 47 may be either permeable or not permeable 
to the recording light and the reading light. i 
[0152] With this detector 40, a capacitor C- c is 
formed between the charge storing section 49 and the 
sub-electrode 47 through a part of the charge transport- 
ing layer 43. Providing the sub-electrode 47 will have 
practically no great effect on the capacitance value C a is 
of the capacitor C- a formed between the electrode layer 
41 and the charge storing section 49 through the photo- 
conductive layer for recording, 42, and the capacitance 
value C b of the capacitor C- b formed between the stripe 
electrode 46 and the charge storing section 49 through 20 
the photoconductive layer for reading, 44, and the 
charge transporting layer 43. The capacitance values of 
the capacitors are defined by the film thickness ratio as 
with the detector 10. 

[0153] This detector 40 is different in configuration 25 
from the above-stated detector 30 in that the sub-elec- 
trode 47 is provided in the charge transporting layer 43, 
but there is no great difference in function and effect 
between the two. However, the sub-electrode 47 can be 
disposed in a location closer to the charge storing sec- 30 
tion 49 than with the detector 30, which means, the cur- 
rent l c read out through the sub-electrode 47 can be 
increased to above that obtained with the detector 30. 
[0154] FIG. 24A to FIG. 24C are drawings illustrat- 
ing the schematic configuration of a radiation solid-state 35 
detector according to a thirteenth embodiment of the 
present invention, FIG. 24A being a perspective side 
view, FIG. 24B being an X-Z sectional drawing at the 
portion shown by arrow-Q, and FIG. 24C being an X-Y 
sectional drawing at the portion shown by arrow-P. 40 
[0155] This detector 50 comprises an electrode 
layer 51, a photoconductive layer for recording, 52, a 
charge transporting layer 53, a photoconductive layer 
for reading, 54, and an electrode layer 55 which are 
stacked together in this order, providing a sub-electrode 45 
57 at the boundary between the photoconductive layer 
for recording, 52, and the charge transporting layer 53. 
As the substances for these layers, the substances for 
the detector 10, etc. according to the first embodiment 
are used. As with the detector 10, etc., the electrode of so 
the electrode layer 55 is a stripe electrode 56 with which 
a number of elements 56a are arranged in the form of 
stripes. 

[0156] The elements 57a are disposed so that they 
almost orthogonally intersect the elements 56a of the 55 
stripe electrode 56. With the detector 50 shown, the 
pixel pitch is set at 100 \im, the width of the element 56a 
is at 75 prn, and the width of the element 57a is at 10 
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urn. To reduce the quantity of the latent image charges 
to be stored on the elements 57a, the width of the ele- 
ment 57a is narrowed down. 

[0157] FIG. 25A is an electric charge model (a top 
view) illustrating the static latent image recording proc- 
ess when this detector 50 is used, and FIG. 25B is an 
electric charge model (an X-Y sectional drawing) illus- 
trating the static latent image reading process for the 
element 56a having the element No. e1. 
[0158] In the recording process, all the elements 
57a are in the floating state for carrying out the record- 
ing. Assuming that the permeating portion 9a of the 
subject 9 corresponds to the element 56a having the 
element No. e1 , the latent image charges are stored in 
the portion of the charge storing section 59 which corre- 
sponds to the element 56a of the No. e1 . In FIG. 25A, it 
is shown that eight latent image charges are stored. 
[0159] On the other hand, in the reading process, 
two elements 57a are simultaneously connected to the 
non-inverting input terminal of the current detection 
amplifier 71 and the electrode layer 51 for one pixel to 
carry out the reading. When the reading light L2 is pro- 
jected onto the photoconductive layer for reading, 54, 
the latent image charges in the portion corresponding to 
the location sandwiched by the two elements 57a are 
sequentially read out through the two elements 57a. In 
FIG. 25B, it is shown that six of the eight latent image 
charges stored in the charge storing section 59 are 
taken out by the current detection amplifier 71 as signal 
charges. 

[0160] FIG. 26A to FIG. 26C are drawings illustrat- 
ing the schematic configuration of a radiation solid-state 
detector according to a fourteenth embodiment of the 
present invention, FIG. 26A being a perspective side 
view, FIG. 26B being an X-Z sectional drawing at the 
portion shown by arrow-Q, and FIG. 26C being an X-Y 
sectional drawing at the portion shown by arrow-P. In 
FIG. 26A to FIG. 26C, any element equivalent to that of 
the detector 50 according to the thirteenth embodiment 
as shown in FIG. 24A to FIG. 24C is provided with the 
same reference numeral, and the description about it 
will be omitted except when required. With this detector 
50a according to the fourteenth embodiment of the 
present invention, the charge transporting layer 53 for 
the above-stated detector 50 is removed, and the con- 
figuration corresponds to that of the above-stated detec- 
tor 10d, 20c. For each pixel, the microplate 58 is 
discretely provided just above the element 56a in the 
location sandwiched by the elements 57a at the bound- 
ary between the photoconductive layer for recording, 
52, and the photoconductive layer for reading, 54. 
[0161] FIG. 27A is an electric charge model (a top 
view) illustrating the static latent image recording proc- 
ess when this detector 50a is used, and FIG. 27B is an 
electric charge model (an X-Y sectional drawing) illus- 
trating the static latent image reading process for the 
element 56a having the element No. e1. The detailed 
description about the functions in the reading process 
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and the recording process will be omitted. With the 
detector 50a, the function of the above-stated detector 
50 is combined with the effects of the microplates 1 8, 28 
in the detectors 10d,20c. 

[0162] Up to now, the preferred embodiments of the 
radiation solid-state detector according to the present 
invention, and the method and device for recording of 
radiation image information in the detector, and the 
method and device for reading out the radiation image 
information recorded in the radiation solid-state detector 
according to the present invention have been described, 
but, the present invention is not limited to the above- 
stated embodiments, and so long as the gist of the 
invention is not changed, the invention can be changed 
in various ways. 

[0163] For example, with the above-stated embodi- 
ments, the first electrode layer on the side where the 
recording light is projected is connected with the newly 
provided sub-electrode, and the sum (l a + l c ) of the cur- 
rent l a flowing out from the capacitor C* a configured by 
the first electrode layer and the current l c flowing out 
from the capacitor C- c configured by the sub-electrode 
is detected as a signal current. However, as stated 
above, with the detector according to the present inven- 
tion, the capacitance value C c of the capacitor C- c can 
be increased to a value sufficiently higher than the 



capacitance value C a of the capacitor C- a , 



which 

means, the current l c flowing out from the capacitor C- c 
can be increased to a value sufficiently higher than the 
current l a flowing out from the capacitor C- a , and if only 
the current l c flowing out from the capacitor C- c is 



detected through the sub-electrode, an image signal 
larger than that obtained when the sub-electrode is not 
provided can be taken out. Particularly, with the detector 
10, 40, the sub-electrode can be disposed in a location 
close to the charge storing section, and so, the capaci- 
tance value C c of the capacitor C- c can be increased to 
a value much higher than the capacitance value C a of 
the capacitor C- a , which is advantageous. 
[0164] The basic detector to which the present 
invention is to be applied may be any detector, provided 
that it is a detector with which electrodes are stacked so 
that they sandwich the photoconductive layer for record- 
ing and the photoconductive layer for reading, and it is 
preferable that the present invention be applied to such 
a detector as that which has been proposed by the 
present applicant in the above-mentioned Japanese 
Patent Application No. 10 (1998)-232824, and Japa- 
nese Patent Application No. 10 (1998)-271374. The 
detectors are not limited to those according to the 
above-stated embodiments, but various variants, such 
as those having a charge transporting layer made of a 
different material, and a multilayer configuration, which 
have been proposed in the above-mentioned Japanese 
Patent Application No. 10 (1998)-232824, etc., are 
available, and these can be combined with the disposal 
of the sub-electrode and the microplate according to the 
present invention. In this way, while the high speed 



response in reading is maintained, the reading effi- 
ciency can be further improved, and it can be intended 
to improve the reading resolution and reduce the dark 
current. 

5 [0165] Further, with any of the detectors according 
to the above-stated embodiments, the electrode of the 
second electrode layer and the sub-electrode are a 
stripe electrode, but, the electrodes are not always lim- 
ited to the stripe electrode. For example, the electrode 
w of the second electrode layer may be a flat plate elec- 
trode. The sub-electrode may be configured so that, as 
with the above-stated microplates, minute electrodes 
are each disposed so as to correspond to the pixel, and 
a reading line is provided for each minute electrode for 
is obtaining a signal. 

[0166] Further, with any of the detectors according 
to the above-stated embodiments, the photoconductive 
layer for recording exhibits a conductivity when irradi- 
ated with the radiation for recording, but, the photocon- 
20 ductive layer for recording according to the present 
invention is not always limited to this, and the photocon- 
ductive layer for recording may be such that it exhibits a 
conductivity when irradiated with irradiated with the light 
emitted by excitation on the radiation for recording (refer 
25 to Japanese Patent Application No. 10 (1998) -232824). 
In this case, on the surface of the first electrode layer 
must be stacked a wavelength conversion layer, known 
as an X-ray scintillator, which wavelength-converts the 
radiation for recording into light in the other wavelength 
30 region, such as blue light. As this wavelength conver- 
sion layer, it is preferable to use such a substance as 
cesium iodide (Csl). The first electrode layer must be 
permeable to the light emitted in the wavelength conver- 
sion layer by excitation on the radiation for recording. 
35 [0167] With the detectors 10, 20, 30, 40, 50. etc., a 
charge transporting layer is provided between the pho- 
toconductive layer for recording and the photoconduc- 
tive layer for reading, and at the boundary between the 
photoconductive layer for recording and the charge 
40 transporting layer, a charge storing section is formed. 
However, with the present invention, the charge trans- 
porting layer may be replaced with a trap layer. When it 
is replaced with a trap layer, the latent image charges 
are caught by the trap layer, and they are stored in the 
45 trap layer or at the boundary between the trap layer and 
the photoconductive layer for recording. As with the 
detector 10, 20, etc., a microplate may be discretely 
provided for each pixel at the boundary between the 
trap layer and the photoconductive layer for recording. 
50 [0168] With the detectors according to the above- 
stated embodiments, one square microplate is provided 
for each pixel. However, the number of microplates may 
exceed one to some degree, so long as the microplates 
allow forming a pixel in the fixed location or causing the 
55 latent image charges to have the same potential so that 
the latent image charges around the pixel can be suffi- 
ciently discharged in the reading process, or the latent 
image charges can be concentrated on the pixel central 
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portion in the recording process. For example, four tri- 
angular conductive members may be disposed for each 
pixel so that they form a square as a whole for allowing, 
in the recording process and the reading process, the 
latent image charges to be concentrated on the square 
central portion where the vertexes of the triangular 
members are collected, or sectorial conductive mem- 
bers may be disposed so that they form a circle as a 
whole. 

Claims 



1 . A radiation solid-state detector which has a charge 
storing section for storing the charges of the quan- 
tity corresponding to the dose of the radiation which 
has been projected, and records radiation image 
information as a static latent image in said charge 
storing section, 

wherein a first electrode layer having permeability 
to radiation for recording or light emitted by excita- 
tion on the radiation, 

a photoconductive layer for recording which 
exhibits conductivity when irradiated with said 
radiation for recording or said light, 
a photoconductive layer for reading which 
exhibits conductivity when irradiated with an 
electromagnetic wave for reading, and 
a second electrode layer having permeability to 
said electromagnetic wave for reading, are pro- 
vided in this order, 

and a first conductive member for outputting an 
electric signal corresponding to the quantity of 
the latent image charges stored in said charge 
storing section formed between said photocon- 
ductive layer for recording and said photocon- 
ductive layer for reading is provided in said 
second electrode layer or between said first 
electrode layer and said second electrode 
layer. 

2. A radiation solid-state detector according to claim 
1 , wherein said first conductive member is provided 
at a location in said photoconductive layer for 
recording which is close to said photoconductive 
layer for reading. 

3. A radiation solid-state detector according to claim 
1 , wherein said first conductive member is provided 
on the face of said photoconductive layer for record- 
ing which is for said photoconductive layer for read- 
ing. 

4. A radiation solid-state detector according to claim 
1 , wherein said first conductive member is provided 
in said second electrode layer. 

5. A radiation solid-state detector according to any 



one of claims 1 to 4, wherein a second conductive 
member for causing said latent image charges to 
have the same potential is discretely provided in 
said charge storing section for each pixel for an 
5 image represented by said electric signal. 

6. A radiation solid-state detector according to any 
one of claims 1 to 5, wherein a charge transporting 
layer which acts roughly as an insulator for said 

io latent image charges, and roughly as a conductor 
for charges opposite in polarity to the latent image 
charges is provided between said photoconductive 
layer for recording and said photoconductive layer 
for reading, and the charge transporting layer forms 
is said charge storing section. 

7. A radiation solid-state detector according to any 
one of claims 1 to 5, wherein a trap layer for catch- 
ing said latent image charges is provided between 

20 said photoconductive layer for recording and said 
photoconductive layer for reading, and the trap 
layer forms said charge storing section. 

8. A radiation solid-state detector according to any 
25 one of claims 1 to 7, wherein the electrode consti- 
tuting said second electrode layer and/or said first 
conductive member is a stripe electrode comprising 
a number of linear electrodes. 

30 9. A radiation solid-state detector according to any 
one of claims 1 to 7, wherein the electrode consti- 
tuting said second electrode layer and said first 
conductive member is a stripe electrode comprising 
a number of linear electrodes, and 

the linear electrodes of said first conductive 
member are disposed so that they are opposed 
to or almost orthogonally intersect the linear 
electrodes of the electrode constituting said 
40 second electrode layer. 



35 



10. A radiation image recording method which projects 
radiation onto the radiation solid-state detector 
according to any one of claims 1 to 9 to store the 

45 charges of the quantity corresponding to the dose 
of the projected radiation in the charge storing sec- 
tion of said radiation solid-state detector as latent 
image charges for recording of radiation image 
information as a static latent image in said charge 

50 storing section, 

wherein a control voltage to adjust the electric field 
formed between both electrode layers by a DC volt- 
age applied across the first electrode layer and the 
second electrode layer in said radiation solid-state 

55 detector is applied to said first conductive member. 

11. A radiation image reading method which, from the 
radiation solid-state detector according to any one 
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of claims 1 to 9 in which radiation image information 
has been recorded as a static latent image, reads 
out said radiation image information, 
wherein the charges corresponding to the latent 
image charges stored in the charge storing section 5 
of said radiation solid-state detector are read out 
through said first conductive member to provide an 
electric signal at a level corresponding to the quan- 
tity of said latent image charges. 

w 

12. A radiation image recording device which projects 
radiation onto the radiation solid-state detector 
according to any one of claims 1 to 9 to store the 
charges of the quantity corresponding to the dose 
of the projected radiation in the charge storing sec- 15 
tion of said radiation solid-state detector as latent 
image charges for recording of radiation image 
information as a static latent image in said charge 
storing section, comprising: 

20 

voltage application means which applies a DC 
voltage across the first electrode layer and the 
second electrode layer in said radiation solid- 
state detector, and 

control voltage application means for applying, 25 
to said first conductive member, a control volt- 
age to adjust the electric field formed between 
both electrode layers by a DC voltage applied 
by said voltage application means. 

30 

13. A radiation image reading device which, from the 
radiation solid-state detector according to any one 
of claims 1 to 9 in which radiation image information 
has been recorded as a static latent image, reads 
out said radiation image information, comprising: 35 

image signal acquisition means which, by read- 
ing out the charges corresponding to the latent 
image charges stored in the charge storing 
section of said radiation solid-state detector 40 
through said f irst conductive member, provides 
an electric signal at a level corresponding to 
the quantity of said latent image charges. 

45 
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